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 The Green River Formation is an Eocene lacustrine deposit that is present in several 
Rocky Mountain basins. In the Uinta basin, the Green River Formation has produced large 
amounts of oil and gas from many fields, the largest being the Greater Altamont-Bluebell field in 
the northern margin of the basin, the Monument Butte and Natural Buttes fields in the central 
region, and the Greater Red Wash field in the northeastern part of the basin. In addition, the 
Green River Formation contains one of the largest oil shale deposits in the world. The Uinta and 
Piceance basins are estimated to contain 1.32 trillion barrels and 1.53 trillion barrels respectively 
of total in-place oil shale resource. 
This study focuses on littoral to sublittoral sandstone deposition of the Green River 
Formation in the eastern Uinta basin of Utah, in Evacuation Creek, near the Utah-Colorado 
border. This area contains extensive and continuous outcrop of the Green River Formation 
exposed in steep cliffs and gullies, and allows for the study of these units at the reservoir-scale. 
Litho-stratigraphically, the area contains the transition of the marginal lacustrine Douglas Creek 
Member to the open lacustrine Parachute Creek Member. The outcrops here contain very fine to 
medium-grained sandstone, siltstone, organic rich mudstone, carbonate grainstone and 
microbialite that reflect changes in depositional conditions in Ancestral Lake Uinta. This area 
was subject to frequent changes in lake level due to changes in climate and tectonics. 
This study aims to 1) interpret the depositional setting of the sedimentary package over 
the stratigraphic interval, and 2) describe the depositional architecture of these sand bodies in 
multiple dimensions at the reservoir-scale. 
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The data collected includes measured sections along the 2 mile long outcrop in the valley 
cliffs and gullies. Measured sections cover two laterally continuous sand intervals over the 
outcrop area, which define the study unit. Photo panoramas were taken to outline important 
contacts and lithobody geometries, and to interpolate facies distribution between measured 
sections. Samples have been taken from representative facies for thin section analysis. 
The study interval can be divided into two units bounded by sequence boundaries at the 
sharp and non-erosive contacts between oil shale and the microbialite facies association and 
distal delta front facies association. Sequence boundary contacts are described as erosive and 
incisive in the hinterland in other studies. These boundaries can be traced along the entire 
outcrop and have been traced into the basin in core and well logs. 
Five facies associations are interpreted: 1) sharp-based mouth bars, 2) aggradational 
mouth bars, 3) distributary channel, 4) distal delta front, and 5) oil shale and microbialites. 
Facies associations 1-4 are comprised of sand to silt–dominated facies, and are the direct result 
of clastic inputs into the lake from rivers. Facies association show evidence for varying wave 
influence during sedimentation as seen in ripple forms that occur in the outcrop, but there is little 
evidence for significant longshore drift processes or developed shoreface successions. The 
depositional processes of the sandstone intervals in the study area are river dominant with wave 
influence in the sharp-based mouth bars, aggradational mouth bars, and distal delta front. 
Distributary channel are proximal to the mouth bar facies associations, and are comprised mainly 
of sharp-based, non-channelized, trough cross-bedded sandstones, that are locally tar stained. 
The trough cross bedded sand body is interpreted as proximal, non-channelized portion of the 
distributary network of channels. Porosity from distributary channelfacies contains the highest 
porosity values and simplest porosity distribution due to the laterally continuous nature of the 
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trough cross-bedded facies within the unit. Distributary channels are therefore a continuous, less 
compartmentalized reservoir analogue. Facies distribution in both sharp-based mouth bars and 
aggradational mouth bars is complex and leads to complex porosity distribution and reservoir 
compartmentalization.  
Facies distribution in sharp-based mouth bar facies and resulting porosity distribution 
contrasts with aggradational mouth bars. Sharp-based mouth bars are in direct lower contact with 
distal delta front,are laterally extensive in distribution, and contain a generally consistent grain 
size grain size profile. Sharp-based mouth bar contain a greater vertical net to gross sand 
reservoir facies compostion. Aggradational mouthbars are comprised of multiple coarsening 
upward units. As a result, in aggradational mouth bars, lateral facies relationships are important 
in addition to vertical relationships. Facies containing the coarsest sediment and highest porosity 
are vertically segregated by lower energy deposition and finer sediment. These bars have a lower 
net to gross reservoir facies composition. Distal delta front facies associations are comprised of 
low porosity facies. Sediment in distal delta fronts grade from fine and very fine sand facies to 
silt and mud  facies. The distal delta front contains thin rippled sands, and structureless sands in 
the proximal setting, and laminated and homogeneous mudstone in the distal setting. The oil 
shale and microbial carbonate facies associations are comprised of oil shales of varying organic 
richness, microbial carbonates, and thin sandstone and silt beds. This facies association contrasts 
with sand dominated facies associations and occurswhen sediment input is reduced or when the 
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 The Eocene Green River Formation was deposited in a lacustrine setting in the Uinta, 
Piceance and Green River basins of Utah, Colorado and Wyoming respectively. In the greater 
Uinta-Piceance basin this ancestral body of water is referred to as Lake Uinta. The Green River 
Formation is well known for its petroleum potential which is sourced from organically rich 
intervals of oil shale. The oil shales are comprised of kerogen-rich mudstone and marlstone that 
accumulated from the early Eocene to approximately ca 44 Ma (Smith et al., 2008; 2010). In the 
shallowly buried Uinta basin margins, and throughout the Piceance basin these organic rich rocks 
are immature, and are referred to as “oil shale”, and have thermal retort resource potential. The 
Green River Formation oil shale represents a potential resource of 1.32 trillion barrels of oil in 
the Uinta basin (Johnson et al., 2010b). On the actively exploited side, petroleum systems exist 
where maturation of source rock in the basin center has expelled oil and gas which has 
subsequently migrated to reservoir facies. Lacustrine margin environments are commonly the 
reservoir for migrated oil. These environments contain considerable lateral variation and 
therefore contain a highly heterogeneous facies distribution, and variable reservoir potential. 
Green River Formation outcrops located in the eastern Uinta basin, offer the opportunity 
to study facies distribution and lateral variation in a classic lacustrine system near the organically 
mature portion of a petroleum basin. This specific outcrop was selected because of its well 
exposed nature both vertically and laterally.  
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1.1 Research Problem and Objectives 
 The objectives of this study were to 1) define the depositional setting for the study 
interval, and 2) describe and illustrate the geometries of the sand bodies and integrate these into 
the context of the depositional setting. This study used sedimentologic analysis to identify the 
processes that were responsible for sediment deposition, and define specific process-based 
facies. Understanding the depositional processes at the outcrop scale helps explain how sediment 
is distributed across this specific locality and has implications for how sediment was being 
transported along the lake margin and into the lake center. Results from Evacuation Creek may 
be applicable to other portions of the Uinta basin, including local oil and gas fields, other Rocky 
Mountain basins, or to other lacustrine settings globally. 
1.2 Lacustrine Systems 
Lacustrine environments are relatively understudied compared to marine environments 
because they represent a smaller percentage of the total rock record. Lakes differ from marine 
systems considerably. Several of the key differences are 1) lakes are more sensitive to changes in 
accommodation and climate. Some modern lakes show evidence of over a 100m of lake level 
rise over the past several centuries (Carroll and Bohacs, 1999). Lakes with low marginal 
gradientsthat experience a rise in lake level will have shorelines that migrate long distances. 2) 
Lake level rise and sediment supply can be directly connected to river input.  Sediment supply 
and lake level are commonly in phase, meaning when sediment supply increases, the lake level 
increases. 3) The nature and evolution of lakes are primarily controlled by rates of potential 
accommodation, which is mainly the result of climate and tectonics, and controls sediment and 
water input (Bohacs et al., 2000). 
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Deposition in lacustrine systems can be divided into three zones based on relative water 
depth and energy (Figure 1.1). These three zones are: 1) the littoral zone, which is the marginal 
lacustrine environment above fair-weather wave base up to the shoreline, 2) the sublittoral zone, 
which is the lacustrine environment between fair-weather wave base and storm-weather wave 
base, and 3) the profundal zone, which is the deepest, and potentially most extensive lacustrine 
environment below storm-weather wave base (Reading and Collinson, 1996). 
 
 
Figure 1.1 Lacustrine profile dividing Littoral (L), Sublittoral (SL), and Profundal (P) zones 
based on dashed lines representing Fair Weather Wave-Base (FWB) and Storm Wave-Base 
(SWB). Yellow lobe bodies are delta front sedimetns, brown lobe represents sediment gravity 
flows or turbidites, blue body represents microbialites and small dots represent a carbonate 
oolitic shoal. Oil shale may form in all zones, but away from direct clastic influx (modified after 
Tänavsuu-Milkevicience and Sarg, 2012). 
 
Marginal lacustrine deposition ranges from the littoral to sublittoral zone and contains 
sandstone dominated siliciclastics, carbonate and oil shale rock types. In the littoral zone, 
siliciclastic deposition dominates near fluvial input where mud and sand are brought into the lake 
and deposited or reworked by currents or waves.  
Deltas, as defined by Bhattacharya (2010), are sub-aerial to submarine landforms that are 
built to varying degree by river inputs entering larger bodies of water. A range of delta types may 
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form (Galloway, 1975; Bhattacharya and Walker, 1992). The main controls on delta morphology 
are sediment type (coarse sand, mud, etc.), lake margin gradient (steep or shallow), and energy 
available to rework fluvial derived sediments (waves, currents, or lack thereof). In the littoral 
zone, hydraulic energy is the greatest and siliciclastics are subject to the strongest reworking 
energy present in the lacustrine environment.  
Between point sources of fluvial input, carbonate oolitic shoals can form in areas of 
moderate wave energy. Microbial carbonates can also form in the littoral to sub-littoral zone 
where sunlight penetration is the greatest. Microbialites can form deeper in the lake, but are 
restricted by clastic influx and depth of sunlight penetration (photic zone). Oil shale may form in 
the littoral-sublittoral zones but tends to be less organically-rich than profundal equivalents due 
to dilution by silt and fine sand (Tänavsuu-Milkeviciene and Sarg, 2012) and shallow oxidation. 
In marginal lake areas where there is minimal siliciclastic input, stromatolites or other 
microbialites may form. Stromatolites are defined in simple terms as laminated benthic microbial 
deposits (Riding, 2000), and are a specific type of microbialite. Microbialites are formed by 
photosynthesizing algae that bind sediment, and form some of the oldest fossils on earth. 
Microbialites are interpreted as having been formed by bacteria, algae, fungi or protozoa. These 
photosynthesizing organisms exist at the sediment water interface of shallow, suspended 
sediment-poor, and oxygenated water. The main processes by which microbes form laminae are 
by trapping, binding, and precipitating sediment. Recognition of microbial carbonates is based 
on mesofabric, or internal fabric, and macrofabric, which is the larger geometric shape of the 
form. Mesofabric identification help determine possible origin and macrofabric define categories 
and varieties of microbial carbonates. (Riding, 2000).  
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In the profundal zone laminated oil shale dominates, but may also include brecciated or 
soft-sediment deformed oil shale transported by debris flows and slumps or slides and can be 
interbedded with subaqueous evaporites.  Coarser siliciclastics can reach the profundal zone by 
means of sediment gravity flows or turbidity currents (Dyni and Hawkins, 1981; Tänavsuu-






The Uinta basin is located in northeastern Utah and is separated from the related western 
Colorado Piceance basin by the Douglas Creek Arch (Figure 2.1). The Uinta basin is 130 miles 
from east to west and 100 miles north to south. The Evacuation Creek outcrop area of this study 
is located in the southeastern Uinta basin, approximately 50 miles southeast of the town of 
Vernal, Utah in southern Uintah County, near the Utah-Colorado state border. Evacuation Creek 
is a tributary of the White River, which flows west and connects to the Green River that drains 
the basin to the south. The Green River Formation is well-exposed in the Evacuation Creek area 
in the Dragon Quadrangle in Township 11S Range 25E and is the area of focus for this study.  
Scott and Pantea (1985) mapped preliminary stratigraphy and contoured the Mahogany Oil Shale 
Bed. The dominant features of the area are the north sloping plateau, and steep walled canyons 
lined with intermittent streams. 
2.1 Geologic Setting 
The Uinta Basin is an asymmetric foreland basin. The structural axis runs east-west in the 
northern portion of the basin along the Uinta Mountain front. The basin is bounded by several 
structural elements (Figure 2.1): to the north by the Uinta Uplift, on the east by the Douglas 
Creek Arch, to the southeast by the Uncompahgre Uplift, to the south by the San Rafael Swell 
and to the west by the Wasatch Plateau. Although the Uinta basin is a distinctly Laramide 






Figure 2.1 Regional map of western United States (inset) and western Rocky Mountain basins 
with outline of field area for study in the eastern Uinta basin, near the Colorado Utah Border, in 
the Dragon Quadrangle (modified after Tänavsuu-Milkevicience and Sarg 2010). 
 
In the Cretaceous, structural deformation is generally marked by thin-skinned folding and 
thrusting during what is known as the Sevier Orogeny, and was driven by the subduction of the 
oceanic Farralon Plate under the North American craton (Armstrong, 1968). This resulted in 
foreland basin deposition between the overthrust belt and the depressed continental interior that 
was eventually inundated by the Western Interior Seaway. Thick and continuous packages of 
sediment were deposited, ranging from alluvial in the hinterland to marine in the foreland region. 
In the late Cretaceous (75 Ma) the Western Interior Seaway retreated, allowing paludal and 
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fluvial sediments of the Mesaverde Group and younger formations to be deposited (DeCelles, 
1995). 
In contrast, during the Upper Cretaceous, the Farallon Plate began to subduct in more of a 
flat-slab geometry, and resulted in the onset of the Laramide Orogeny (Dickinson et al., 1988). 
Laramide deformation contrasted with Sevier Orogenic deformation such that steep basement-
cored faults broke up the foreland basin system into a series of basins divided by structurally 
high features such as the Uinta Mountains, the Douglas Creek Arch, the Uncompahgre Uplift and 
the San Rafael Uplift. In several of these basins, termed “ponded basins” by Dickinson et al. 
(1988), lacustrine sediments were deposited and formed the Green River Formation. 
Paleogeographic evolution, driven by tectonics and combined with climate controlled factors 
resulted in lacustrine development in the early Eocene (Bohacs et al., 2000; Carrol et al., 2006;; 
Davis et al., 2008, 2009). 
2.2 Stratigraphy 
The Green River Formation was deposited during the Early and Middle Eocene (Smith et 
al., 2008; 2010). The total period of deposition is poorly constrained in the Uinta basin. Remy 
(1992) constrained the majority of Green River Formation deposition between  ca 54 Ma to 43 
Ma, using radiometric data and paleontologic data from  the base of the Carbonate Marker Unit 
(Long Point Bed) and an unnamed tuff  in his Upper Member (Figure 2.2). Smith et al. (2008; 
2010) constrained a portion of the Green River Formation stratigraphy in the Uinta basin using  
the Curly Tuff and the Strawberry Tuff with ages of 49.3 to 44.3 respectively (Figure 2.2)  
 The Green River Formation, originally named Green River Shales, was first described by 




Figure 2.2 Lithostratigraphic column for eastern Uinta basin in area of Evacuation Creek 
(modified after Mercier and Johnson 2012; Johnson et al., 2010; Long Point Bed after Johnson 
(1984). R and L refer to Rich and Lean zone terminology of Cashion and Donnell (1972). 
Double sided red arrow approximates the study interval for this study, and is just below the 




basin of Wyoming, to the north of the Uinta basin. The Green River Formation in the Uinta basin 
can be portrayed as a lens of basinal lacustrine rocks enveloped in marginal lacustrine and 
alluvial rocks with high frequency transitional relationships (Cashion, 1967). The Green River 
Formation is underlain and interfingers with the Wasatch Formation, and is overlain and 
interfingers with the Uinta Formation (Figure 2.2) (Cashion, 1967).  
The Wasatch Formation is comprised of variegated mudstone, channel-form sandstone 
and conglomerate in the eastern Uinta basin. The Uinta Formation contains mainly sandy fluvial 
sediments. The Uinta Formation is well known for its numerous vertebrate fossils.  
In eastern Uinta basin the Green River Formation is comprised of beds of oil shale that are 
kerogen-rich argillaceous, siliceous, or feldspathic mudstone, marlstone, siltstone, sandstone, 
oolitic grainstones, microbialites and various thin tuff layers (Cashion, 1995). Bradley (1931) 
divided the stratigraphy of the Green River Formation of the Uinta basin and Piceance basin into 
four ascending units: the Douglas Creek Member, the Garden Gulch Member, the Parachute 
Creek Member, and the Evacuation Creek Member. The Garden Gulch Member, originally 
described at its type locality near the mouth of the Garden Gulch tributary of the Piceance Creek, 
is comprised of chocolate-brown claystone and low grade oil shale, and has been incorporated 
into the lower part of Douglas Creek Member. The Evacuation Creek Member has been 
incorporated into the Uinta Formation. As a result, the eastern Uinta basin has a simplified 
stratigraphic scheme. The basal Douglas Creek Member is comprised of rocks with common 
fluvial origin and is marked by a basal mollusk-rich layer named the Long Point bed, which 
marks the first significant lake transgression of the Green River Formation (Johnson, 1985). This 
member interfingers with and is overlain b,y the Parachute Creek Member which is characterized 
by sequences of finer-grained rocks, more clay-rich at the base and carbonate-rich upwards. The 
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Parachute Creek Member rocks represent open lacustrine deposition. The stratigraphy has been 
further divided Cashion and Donnell (1972), based on basin-scale correlatable rich and lean 
zones (Figure 2.2). 
2.3 Previous Work in Evacuation Creek Area 
Several other workers have done outcrop study in and around the Evacuation Creek area, 
the following summarizes their work. 
Moncure and Surdam (1980) interpreted the depositional environment in the Douglas Creek 
Arch area near the margins of the Uinta and Piceance basins. Measured sections include from 
west to east Evacuation Creek, Baxter Pass, Douglas Pass, and Brushy Point. Four lithofacies 
were identified based on mineralogy and sedimentary characteristics: oil shale, evaporite, 
mudstone-dolostone, and sandstone-siltstone. These authors conclude that deposition in eastern 
Uinta basin was marked by higher water inflow and sediment input than in equivalent strata on 
the east side of the Douglas Creek Arch in the western Piceance basin. The observations of 
sinuous flat crested ripple beds were interpreted as being related to reworking by a shoreface 
environment. Due to the lack of evaporites in the Uinta basin, this lake was fresher during the 
deposition of the upper Douglas Creek Member as compared to the Piceance basin. Sediment 
Provenance is poorly constrained, but is presumably sourced from local uplifts in the south and 
from the Uncompahgre Plateau. Fluvial deposition, in the form of single and multi-channel beds, 
was diverted northwesterly into the Uinta basin and northeasterly in the vicinity of Piceance 
basin, because of the positive topographic relief of the Douglas Creek Arch. The eastern Uinta 
basin was marked by mudflats with fluvial deposition in the distal reaches and shoreface 
deposition more proximal regions to the lake.  
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Johnson (1985) measured sections in and around the Evacuation Creek area in a larger 
effort to detail the lake evolution of Uinta and Piceance basins. He divided Green River 
Formation in the area into five stages. These stages are based on depositional event beds and 
water chemistry. The following is a summary of the stages.  
Lake stage 1 begins with the tragression of the lake and the deposition of the Long Point 
Bed. Low grade oil shales were deposited in both the Uinta and Piceance lakes and siliciclastics 
at the margins. Magadi-type chert is found in this stage which indicates that the lake may have 
been chemically stratified (Eugster, 1967). Lake stage 2 is marked by the onset of richer oil shale 
beds, these oil shales are clay rich and carbonate poor. In this stage lake level fluctuated 
considerably. Basinal oil shale richness correlates with clastic influxes at the lake margins. Lake 
stage 3 begins appromately at the R2 oil shale zone. Profundal oil shale in this stage contrasts 
with earlier stages because it conatins a larger carbonate component, as opposed to earlier clay 
rich oil shale deposition. Lake stage 4 is marked by a minor transgression and is represented by 
the base of the R4 zone. This stage is comprised of deposits between the R4 zone to the base of 
the Mahogany zone. In the Piceance basin, oil shale is thick and continuous in this unit. In the 
Uinta basin, oil shalebeds are interupted by mudstone, siltstone and sandstone beds, which 
increase the overall thickness of this unit and decrease oil shale richness compared to the 
Piceance basin profundal deposits of lake stage 4. Lake stage 5 begins with a major transgression 
at the transition of the upper R6 and the Mahogany zone: maximum transgression is marked by 
the deposition of the very rich Mahogany Bed. Following the maximum transgression of the lake 
the basin was filled with lacustrine, fluvial sediments and eventually volcaniclastic sediment of 
the Uinta Formation. The majority of the stratigraphy in this study of Evacuation Creek area falls 
into the Fourth Stage of Johnson’s (1985) five stage model. Observations of the sandstone units 
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in Evacuation creek range from sedimentary structures of plane-parallel laminated and ripple-
laminated sandstone, but a lack of observable channels. Sandstone and siltstone intervals are 
thicker in this stage than the previous stage and are confined by oil shale beds that are time 
stratigraphic horizons. In the Uinta basin sand and silt deposition occurred all the way into the 
deeper part of the basin resulting in leaner oil shale deposits. In this marginal-lacustrine 
environment, there is abundant soft sediment deformation and incorporation of “exotic blocks”. 
The outcrop data is integrated into basin scale reconstructions beyond the scope of single outcrop 
depositional reconstruction and analysis. 
2.4 Lake Stages 
Lacustrine deposits in the Uinta basin record a history of fluctuating hydrologic 
conditions from open and unbounded to closed and confined conditions (Smith et al., 2008; 
2010). Lake Uinta has been modeled in different ways from being a shallow playa-type lake 
(Lundel and Surdam, 1975; Cole and Picard, 1978), to a deeper chemically-stratified lake 
(Bradley and Eugster, 1969; Johnson, 1981) to a combination-type lake, evolving from playa-
type to deep chemically-stratified lake through time (Monecure and Surdam, 1980; Smith et al., 
2008). Lakes that occupied the Eocene ponded basins were connected at times of high lake level 
and disconnected at other times by structural highs like the Douglas Creek Arch which divides 
the Uinta and Piceance basins. 
Variations in vertical richness of oil shale deposits can be traced across the Uinta and 
Piceance basin centers using Fischer assay logs. These define 17 rich and lean zones that appear 




However, due to the high variation in overall organic richness, and in rock type found in 
these zones at the outcrop scale, the rich and lean zone framework has been integrated with 
available basin margin outcrop studies to form a more complete model. The lacustrine 
stratigraphy of the Uinta-Piceance lakes has been integrated into six evolutionary lake stages by 
Tänavsuu-Milkeviciene and Sarg (2012). The six stages are: S1 Fresh Lake, S2 Transitional 
Lake, S3 Rapidly Fluctuating Lake, S4 Rising Lake, S5 High Lake, and S6 Closing Lake. These 
stages generally result from the interplay of climate and tectonics (Carrol et al., 2006). At least 
two levels of cyclicity are found in the lake system. The first is marked by changes in lithofacies 
and organic richness in mudstones and is influenced by vegetation and runoff, which are 
climatically controlled. These cycles occur on the one meter to tens of meters scale, and are 
bounded by sequence boundaries. The larger-scale depositional packages are based on 
depositional trends, and define the six lake stages. Tectonic activity provides the primary control 
in S1 (Fresh Lake), with a clear and correlative climatic signature in S2 (Transitional Lake) and 
S3 (Rapidly Fluctuating Lake) during the peak of the Early Eocene Climatic Optimum (EECO). 
Basin filling, controlled by both climate and tectonic effects, occurs in S4-S6 (Rising Lake, High 
Lake, and Closing Lake) in Uinta, Piceance, and Greater Green River basins (Tänavsuu-





 RESEARCH METHODOLOGY 
3.1 Facies Analysis 
Facies analysis was utilized for the outcrop study in Evacuation Creek. This process is 
used for interpreting the origin of sedimentary successions and involves breaking down the 
outcrop elements into their fundamental parts (Walker, 1992; Dalyrymple, 2010). Facies are 
based primarily on depositional attributes like grain size, sorting, sedimentary structures, and 
paleontology. Facies that occur commonly, and in close proximity throughout the study area are 
grouped into facies associations. These facies associations are comprised of facies that are 
thought to have genetic significance (Reading and Collinson, 1969). The facies associations are 
representative of depositional environments, and are interpreted to comprise a depositional 
system or environments and sub environments. Facies were determined in Evacuation Creek by 
describing rock type, sedimentary structures, and grain size.  
3.2 Photography 
Facies architecture and sand-body distribution was demonstrated for the outcrop by 
integrating facies analysis with photo panoramas. A series of photos were compiled to show 
outcrop features at three main scales. The largest scalepanorama is from the valley floor and 
road, and establishes the main panorama framework. The next level of scale was the inter-gully 
photos. These panoramas tie into the road level panoramas and detail the outcrop within the 




Facies and facies associations were traced laterally on photos to show bed and facies 
association level architecture and lateral variability. Measured sections will be incorporated to 
show further detail of the facies. 
3.3 Petrography and Photomicrographs 
In addition, representative samples of facies were collected for thin section analysis, and 
mineralogy and porosity were described. Porosity was measured by using GIMP photosoftware 
to count epoxy filled space in digital thin section images. Dividing the epoxy assigned pixels to 





CHAPTER 4  
FACIES DESCRIPTIONS AND INTERPRETATIONS 
Based on visual description of outcrop sections, 15 facies have been outlined based on 
lithology, grain size, sedimentary structures, bed thickness, and geometry from the 17 measured 
sections in the outcrop (Figures A6-A24). These facies are grouped into facies associations based 
on genetic and lateral and vertical relations between the facies (Table 1). 
4.1 Facies Descriptions and Interpretation 
F1 Laminated Mudstone Facies: F1 is comprised of mud and silt with millimeter-scale 
laminations and cm scale beds, with internal laminations that are parallel, distorted or wavy, and 
interbedded with darker and finer mudstone laminations. Locally the internal stratification is 
discontinuous due to soft sediment deformation, like water escape structures and weathered 
exposure of rock. Layers lighter in color have more silt based on field and thin section 
observation. Lamina are ungraded to graded. F1 is in gradational but traceable contact with 
underlying oil shale beds. Laminated mudstone locally occurs with thinly bedded sandstones, 
which are less than 1cm to several cm’s thick. Although the internal heterogeneity is complex the 
lateral extent of the laminated mudstone beds are easily traced along the outcrop for tens to 
hundreds of meters (Figure 4.1 B). F1 reacts with HCL. No root traces or burrows are observed. 
Interpretation: F1 is interpreted as the distal river sourced sediment input, and indicates 
low energy levels which allow the fine sediment to settle from either buoyant plumes (Battcharya 
and Walker, 1992; Renaut and Tiercelin, 1994) or hyperpycnal plumes (Buatois and Mángano, 
1994). Hyperpycnal flows are derived from river sources and can appear laminated and internally 
ungraded, graded, inversely graded (Bhattacharya and MacEachern, 2009). The silt rich 
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Table 1. Bedding thickness terms with facies described in Evacuation Creek organized by rock type.  
Bedding Thickness Classes  
Thickness (cm) Descriptive Term  
100 + Very thick bed  
30-100 Thick bed  
10-30 Medium bed  
3-10 Thin bed  
1-3 Very thin bed  
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Figure 4.1 A: Homogeneous mudstone facies (F2). B: Laminated mudstone facies (F1), dashed  
line is contact with underlyin oil shale. C: Structureless sandstone (F3) with centimeter sized 
ungraded mudstone clasts. D: Thin ripple topped or based sandstone facies (F4)laminations and 
association of thin very fine sand beds with current and wave rippled structures represent pulses 
of sediment from river point-sources with deposition above the fair weather wave base at certain 




F2 Homogeneous Mudstone Facies: F2 is comprised mainly of siliciclastic silt and clay 
and are non-laminated. F2 is thick, to very thickly bedded and is brown to greenish in color, 
massive to possibly crudely laminated; locally some silty lamination is present. These beds can 
be traced laterally for hundreds of meters across the outcrop and are laterally continuous with 
laminated mudstone beds (F1). F2 commonly weathers into tan flaky pieces several centimeters 
in diameter that form slopes in the gullies and cliff walls. Traces of crude lamination can be 
observed in thin section along with coarser grains within the mud that are identified as quartz 
silt. F2 reacts to HCL, indicating there is a carbonate component. F1 is locally observed in 
association with thin thin sands (F4). No root traces or burrows have are observed. The bases of 
the homogeneous mudstone beds are in sharp contact with underlying laminated mudstone. This 
contact is laterally continuous and appears non-erosive (Figure 4.1 A).  
Interpretation: The massive nature of F2 indicates deposition by buoyant plumes 
(Battcharya and Walker, 1992, Renaut and Tiercelin, 1994). The lateral correlation of massive 
mudstone (F2) and more laminated mudstone (F1), suggests that F1 and F2 may be genetically 
similar facies (see interpretation of F1). Loading and soft sediment deformation could have 
played a role in distorting the laminated mudstone and making it appear more homogeneous. 
Outcrop weathering could also make laminated mudstone look more homogeneous.  
F3 Structureless Sandstone and Structureless Sandstone with Mudstone and Soft 
Clasts Facies:  F3 beds are generally ungraded medium to very thick beds and locally contain 
matrix supported mud clasts. Grain size is silt-fine sand. Structureless sandstones locally contain 
ungraded, angular to subangular mudstone clasts, ranging in size from millimeter scale to long 
sliver-like clasts that are 10’s of centimeters long. The character of the mudstone clasts varies 
from light-grey, homogeneous mud clasts to laminated oil shale clasts. Although the mudstone 
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clasts vary in size, the matrix is consistently very fine sand and silt. Beds of F3 have limited 
lateral extent and are rarely found outside of gully 7a and 7b, where F3 is locally observed in 
association with slide blocks of sandstone (Chapter 6) and oil shale (Figure 4.1c). 
Interpretation: F3 represents material that was deposited by turbidity currents and 
gravitational settling (Buatois and Mángano, 1994; Renaut and Tiercelin, 1994; Zavala et. al., 
2006). F3 with mudstone clasts could possibly be debris flow beds This interpretation is 
supported by the random and even distribution of mud clasts within the silty-sand matrix that are 
in association with other large slide features (Mulder and Alexander, 2001). These turbidite and 
debris flows are river input sourced and occurred during periods of high river discharge; as 
indicated by the incorporation of ripped up mud and oil shale clasts from updip environments, 
and adjacent association with oil shale and depostionally proximal sandstone slide bodies (see 
chapter 6) . F3 deposition occurred in the littoral to sub-littoral environment. 
F4 Thin Rippled-topped or Ripple-based Sandstone Facies: F4 are massive to graded, 
and contain current and wave modified ripple laminations with erosive and non-errosive bases. 
Thin rippled-top or based sands are comprised of very fine to fine grained sandstone. Internally 
these beds are either homogeneous or show signs of wave modified ripple cross-lamination. 
These beds are commonly reddish, thin, discontinuous, and locally scour the beds below them. 
These beds are sheet-like or elongate lobe-like in geometry. These thin beds occur locally with 
laminated (F1) and homogeneous mudstone (F2) (Figure 4.1 D&E). 
Interpretation: F4 represent density flows and turbidites some of which show evidence of 
being reworked on the bed tops by wave energy. F4 were initially deposited by unidirectional 
traction currents or density currents, and subsequently wave energy modified the tops giving the 
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thin sands a symmetrically rippled appearance. The wave modified tops of F4 indicate that 
deposition occurred in the sub-littoral to littoral environment (Buatois and Mángano, 1994) 
F5 Current-ripple Cross-laminated Sandstone Facies: Very fine to fine-grained 
sandstone with asymmetrical ripple laminations, forming thin to thick beds that have gradational 
to sharp lower contacts  (Figure 4.2 A&B).  
Interpretation: Deposition by unidirectional currents such as river currents or turbidites 
proximal to distributary channel at times of increased runoff. Interpreted deposition of F5 is in 
the sublittoral-littoral zone (Tänavsuu-Milkeviciene and Sarg, 2011).  
F6 Climbing-ripple Cross-laminated Sandstone Facies:  Fine to medium-grained sand 
with flat to slightly inclined ripple lamination. Beds of this facies are laterally discontinuous and 
are gradationally based. This facies is relatively rare in the outcrop area (Figure 4.3 C&D). 
Interpretation: Ripples that aggraded in areas of high depositional rates in the sub-littoral 
zone (Keighley, 2008). 
F7 Combined-ripple Cross-laminated Sandstone Facies: Very fine to medium-grained 
sandstone with unidirectional slightly inclined foresets within the cross lamination, with nearly 
symmetrical bedding surfaces, and locally contained mud drapes. Alternating climbing ripples, 
ripple, wave modified, and symmetrical ripples aggrade in packages. Beds of F7 change laterally 
and gradationally into beds of other ripple dominated facies, i.e. wave-dominated ripple (F8) 
beds or current ripple (F6) beds (Figure 4.2E&F).  
Interpretation: These beds are deposited by river currents and under oscillation influence 
of wave energy at the margin of the lake (Dumas et al., 2005). The aggradational signature of the 




Figure 4.2 A&B: Current-ripple cross-lamination (F5), note how foresets are all inclined in the 
same direction to the left of page,  mud clasts (MC) are highlighted in orange and lay at base of 
ripple sets. C&D: Climbing ripple cross lamination (F6), with low angle climbing inclination. 
E&F: Combined ripple cross-lamination (F7), note the variety of ripples, aggradation patterns, 
and rounded tops of thin beds. G&H: Wave-ripple cross-lamination (F8), foresets are 
aggradational and demonstrate nearly chevron-style or bundled up-building.
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lateral variability demonstrates how current- and wave energy influenced-deposition fluctuated 
along depositional strike and dip  
F8 Wave-ripple Cross-laminated Sandstone Facies: Very fine to medium grained 
sandstone with symmetrical ripple lamination. This facies forms beds that are either sharp based 
or gradational. Some beds form chevron style or bundled up-building morphologies. This facies 
tends to have less clay within ripples and less muscovite in thin section. These beds locally occur 
in association with sandstone soft-clasts beds that contain sandstone clasts comprised of this 
facies (Figure 4.2G&H). 
Interpretation: Sand reworked primarily by wave energy in the form of oscillatory flow 
in the sub-littoral zone (Keighley, 2008). The association of soft clasts indicates that energy was 
locally great enough to destabilize some adjacent beds and later incorporate them with preserved 
internal stratification. 
F9 Plane-Parallel Laminated Sandstone Facies: Fine-grained sand with sub-horizontal 
to horizontal laminations. F9 is light tan to white in color, discontinuous beds with sharp and 
planar basal contacts. F9 is rare and is found in association with cross-stratified sandstone (F10 
and F11) (Figure 4.3A&B). 
Interpretation: Plane-parallel laminated sandstone (F4) occurs in a high energy setting 
(Boguchwal and Southward, 1990).  F4 is likely related to the distributary network in the littoral 
to sub-littoral zone (Olariu and Bhattacharya, 2006). 
F10 Low-Angle Cross-stratified Sandstone Facies: Fine to medium-grained sandstone 
with planar low angle cross-bedding that forms thick to very thick beds (Figure 4.3C&D). 
Interpretation: Deposition by migration of primarily 2-D dunes in littoral to sub-littoral 




Figure 4.3 A&B: Plane-parallel laminated (F9). C&D: Plane-parallel cross-bedded sandstone 
facies (between bold lines), and low angle cross stratified sandstone (F10) (above and below), 
lens cap for scale. The lower and upper bed imply a reverse in sediment transport direction from 
right to left in an waxing and waning energy succession. E&F: Trough cross-bedded sandstone 
facies (F11). The lower contact is sharp and erosive, but does not cut deep scours. Note the u-




F11 Trough Cross-stratified Facies: Fine to medium-grained sandstone with tangentially 
inclined cross bedding with “u” shaped basal dune surfaces visible at certain angles and with 
erosive and scoured bases (Figure 4.3 E&F). The base and top of F11 beds are planar and thicken 
and thin laterally. Paelocurrent measurements based on the orientation of troughs show a nearly 
180° variation (F11 paleocurrent data in one package across Gullies 4-6B: 314, 115, 100, 75, 60, 
42, 40, 20, 16, 6, and 5°) (Table 1). Sediment packages formed by this facies can be traced 
laterally for over half a mile. 
Interpretation: Migration and deposition in relatively high energy environment 
(Keighley, 2008). Trough cross-stratified units are often related to distributary network (Olariu 
and Bhattacharya, 2006). The variation of dune direction and lateral continuity of the beds 
indicate an unconfined depositional region. 
F12 Intraclastic Sandstone Facies: Thin beds that contain predominantly medium-
grained sandstone with an array of sizes and types of carbonate material in non-graded to graded 
bed organization. Carbonate material ranges from angular pieces of microbialites to nearly full, 
small stromatolite heads about 3cm in diameter, and angular to sub-angular oil shale clasts. 
When graded, beds contain larger clasts of carbonate in the base of beds, with decreasing 
carbonate clasts upward in the bed. In ungraded beds, carbonate material is randomly distributed 
in a sandy matrix. These beds are laterally continuous on 10’s-100’s m scale, are thoroughly 
carbonate cemented, and have a distinct yellow orange color. F12 occurs uniquely in a 
continuous horizon (Figure 4.4 A&B). 
Interpretation: The incorporation of a wide variety of sediment and the position of this 
facies at the top of a sandstone succession and beneath a mudstone, and oil shale facies (F14) 




Figure 4.4 A&B: Intraclastic sandstone facies (F12) , incorporated material includes partial 
stromatolites heads (MR). C&D: Microbialite facies (F13), which takes the form of laterally 




reworked sediments leaving this high energy bed that contains material from adjacent facies, 
after which, fine grained sand, mud, and eventually oil shale deposition occurred. Alternatively, 
F12 could have formed as a debris flow (Renaut and Tiercelin, 1994). 
F13 Microbial Carbonate Facies: Carbonate mudstone to grain-rich bindstone with 
finely laminated layers that range from wavy, domal (stromatolites), to finger and tooth-like 
geometries. Beds range from 2-50 cm in thickness. Microbial carbonates are sharp to 
gradationally based, and form in association with oil shale facies (Figure 4.4 C&D). 
Interpretation: Microbial activity that binds carbonate material in mats in areas with low 
siliciclastic input. Microbialites are commonly formed by photosynthesizing bacteria and are 
interpreted to have been deposited in the littoral to sublittoral zone, but are more restricted by 
depth of sunlight penetration (Renaut and Gierlowski-Kordesch, 2010). 
F14 Oil Shale Facies: F13 is finely laminated, laterally continuous, kerogen-rich 
marlstone, with varying ranges of silt and clay content. Kerogen content varies from bed to bed. 
F14 occurs locally in association with microbial carbonates (F13), where F13 is sharp based and 
is draped by F14 (Figure 4.4 E&F).  
Interpretation: Relatively low depositional rate of siliciclastic and carbonate silt and 
mud, in low energy environment, in the sublittoral to profundal zone (Renaut and Gierlowski-
Kordesch, 2010). F13 and 14 form deepening upward successions (Suriamin, 2010; Tänavsuu-
Milkevicience and Sarg, 2012). 
4.2 Facies, Mineralogy and Porosity 
Samples were taken of sandstones, mudstone and carbonates for thin section analysis, 
with the purpose of identifying and describing mineralogy and porosity (Table 4.2). A detailed 
account of the mineralogy and textures of samples organized by facies sampled is found in the 
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appendix (Appendix 1). All samples are from outcrop, so it is important to note the added 
variable of subaerial weathering on the samples themselves.  
The samples show a range in porosity of 0-18% (Table 2). Mudstones and oil shales have 
the little to no porosity in thin section. Porosity is mainly contained in sandstone facies, and is 
the greatest in facies comprised of high energy sedimentary structures, e.g. plane-parallel (F9), 
and low-angle (F10), and trough (F11) cross-stratified sandstone. This relationship is due to 
mechanical sorting of grain size, and mineralogy. Higher energy facies generally contain less 
mud and other fine grains which leaves the coarser grains to form the framework. Coarser 
grained facies have greater original interparticle porosity. The other type of porosity observed in 
samples is dissolution porosity. This type of porosity is from the dissolution of grains, like 
feldspars, muscovite, or carbonate material. These pores were created after deposition from the 
partial to full dissolution of the less chemically stable grains.  
Plane-parallel (F9), and low-angle (F10), and trough cross-stratified sandstone (F11) 
contain the highest porosity values and are comprised of lower fine to lower medium detrital 
grains (.125-.5mm respectively). Porosity is present in multiple forms. The majority of porosity 
is contained in interparticle space, but there is also evidence of dissolution of other grains, like 
muscovite and k-feldspar forming dissolution pores (Figure A-1).These sandstone are not 
texturally mature in roundness or mineralogy. Grains are comprised of sub-angular to sub-
rounded quartz, feldspar, muscovite, and sedimentary rock fragments. These sandstones form 
facies associations, or architectural elements, like the bulk of distributary channel, and portions 
of sharp-based mouth bars and to a lesser extent, aggradational mouth bars (facies associations 





Table 2. Porosity estimations from epoxy filled thin sections of selected facies. 







Plane-parallel laminated sandstone 2-5 2 18.0 
Trough cross-stratified sandstone 0-4 2 16.8 
Trough cross-stratified sandstone 4-1 2 15.3 
Trough cross-stratified sandstone 5-3 3 14.3 
Intraclastic sandstone 3.5-1 3 8.2 
Low Angle Cross-stratified sandstone 5-2 2 6.8 
Plane-parallel laminated sandstone 
(Orange tar sand, Tuff?) 5-0 2 5.1 
Wave-ripple cross-laminated sandstone 78-3 2 4.3 
Intraclastic sandstone (carbonate clast 
rich) 5-4 2 0.6 
Thin ripple-topped sandstone 0-3 3 0.5 
Climbing-ripple cross-laminated 
sandstone 6-2 3 0.5 
 
Wave-rippled (F8), thin ripple-topped and based (F4), climbing-ripple cross-laminated 
(F6) sandstone are comprised of lower very fine to lower fine detrital grains (0.062-0.177mm 
respectively). Porosity is present in these facies in interparticle space. Interparticle porosity is 
locally occluded by authigenic clay, detrital mud, and cement (Figure A-5 and A-2). These facies 
are lower in energy and are comprised of finer sediment, more muscovite, and detrital mud, 
which concentrate in the lamination surfaces and result in lower porosity. More authigenic clay 
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is observed in these sediments and is sourced from in situ weathering of feldspar and micas. 
These facies are more common locally in mouth bar and delta front facies associations. 
High energy facies outlined above have the greatest porosity. The low energy facies and 
high energy facies contain immature grain compositions. The contrasting porosity distributions 
are controlled partially by mineralogy, but mainly by grain size. Higher energy facies do not 
contain the mineral muscovite, like the lower energy facies, but do contain a significant amount 
of feldspar. The higher energy facies have greater preservation of original interparticle porosity. 
Porosity in sandstones commonly positively correlates with permeability; this 
relationship makes these facies the primary reservoir quality rocks. Primary reservoir facies are 
found in distributary channel, sharp-based mouth bars, and aggradational mouth bars.  
Distributary channels are mainly comprised of trough and cross-stratified sandstones, the 
coarsest grain size, and in laterally continuous packages. This makes the distributary channel a 
thin, laterally extensive, and connected reservoir. Locally this package contains tar-oil, this 
demonstrates the unit’s ability to comprise reservoir unit. The tar sand is related to mature oil 
expelled deeper in the basin, where source rocks are more mature. Migrating oil found its way 
into a carrier bed and worked its way to the surface, as expressed in the outcrop. 
Mouth bars are comprised of high and low energy facies. Sharp-based mouth bars locally 
contain a greater amount of higher energy facies than the aggradational mouth bars. Facies 
distribution in mouth bars differ from the vertical and lateral homogeneity observed in the 
distributary channel unit. Both types of mouth bars contain a vertical heterogeneity of facies 
distribution. In addition to vertical facies heterogeneity aggradational mouth bars contain 
additional lateral heterogeneity.  
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Distal delta front facies associations contain reservoir potential in areas where silt and 
mud contribution is limited. In proximal areas, delta fronts contain rippled facies (F4, F5, F7, and 
F8). Deposition further from sediment input contains more homogeneous and laminated muds 
and silts, which contain little to no porosity.In the upper and lower sandstone units in Evacuation 
Creek sandstone facies composition is overall immature in regards to mineral composition. This 
is likely due to the source of the sediment being from local uplifts to the south and south east in 
the Uncompahgre uplift. The main factor controlling primary porosity is grain size.  Tight 
overall packing of the grains leads to interpenetration of the grains within the samples 
indicationg mechanical compaction has reduced porosity. Pore filling cements in the form of 







Three general lake stratigraphic types have been proposed to describe ancient and modern 
lakes: fluvial-lacustrine, fluctuating profundal, and evaporitic (Carroll and Bohacs, 1999; Bohacs 
et al., 2001). These lake types are controlled by accommodation and fill, which includes 
sediment, and water input. The main attributes of these types are their respective stratal patterns, 
rock types, physical and biological structures, organic matter preservation and kerogen type.  
The study interval in Evacuation Creek contained within the sandstone units represents 
the fluvial-lacustrine type as outlined in the literature. This stratigraphic type will be broken 
down into facies associations of this study. To identify facies associations, facies described in the 
previous chapter are related based on sedimentary texture, structure and outcrop architecture. 
Some facies associations in this study are synonymous to architectural elements. The facies 
associations are then related and connected to reconstruct the depositional environment. The 
facies associations defined here are: 1) sharp-based mouth bars, 2) aggradational mouth bars, 3) 
distributary channel, 4) distal delta front, and 5) oil shale and microbialites (Table 3.) 
5.1 Facies Association 1: Sharp-Based Mouth Bars 
Description: Sharp-based mouth bars (FA1) have sharp basal contacts, are laterally 
extensive, elongate sand bodies. The lateral extent of the sharp-based mouth bar in outcrop is 
greater than 0.79 mi. Sharp-based mouth bar facies include: structureless sandstone (F3), current-
ripple cross laminated sandstone (F5), combined-ripple cross laminated sandstone (F7), wave-
ripple cross-laminated sandstone (F8), plane-parallel laminated sandstone (F9), low-angle cross-




Table 3. Facies association and environments of the upper and lower sandstone unit study 
interval in Evacuation Creek. 
 
Facies Association Comment Facies 
Sharp-based Mouth Bar 
(FA1) 
Sharp-based mouth bars have planar, 
irregular, concave up, and concave 
down basal surfaces, internal bed 
surfaces dip away from core of 
laterally continuous body, and locally 
contain slide deposits of like facies; 
thin delta front deposit facies 
association in lower contact with unit 
Structureless sandstone (F3), current-
ripple cross-laminated sandstone (F5), 
wave-ripple cross-laminated sandstone 
(F8), plane- parallel laminated sandstone 
(F9), low-angle cross-stratified 




Bar units that contain multiple coarsening 
upward cycles, in proximal setting, bar 
units coarsen upwards into sharp-based, 
coarse beds, in distal setting, coarsening 
upward cycles contain aggradational 
ripples and lack coarse sharp-based beds 
at top of coarsening upward cycles 
Structureless sandstone (F3) , current-
ripple cross-laminated sandstone (F5), 
climbing-ripple cross laminated 
sandstone (F6), combined-ripple cross-
laminated sandstone (F7), wave-ripple 
cross-laminated sandstone (F8), low-
angle cross-stratified sandstone (F10) 
Distributary Channel 
(FA3) 
High energy environment that is broad and 
basally erosive 
Trough cross stratified sandstone (F11), 
plane-parallel laminated sandstone (F9), 
structureless sandstone (F3) 
Distal Delta Front (FA4) Laterally continuous environment, 
basinward of mouth bar facies association. 
Laminated mudstone (silt-rich) (F1), 
homogeneous mudstone (F2),  
structureless sandstone and structureless 
sandstone with mudstone clasts (F3), 
thin ripple topped or based sandstones 
(F4), combined ripple cross lamination 
(F7) 
Oil Shale and 
Microbialite (FA5) 
Deepening upward units at lakes margin 
forming at periods of decreased sediment 
input or at distances from sediment input, 
sequences comprise sharp-based 
microbialites overlain by oil shale 






The base of the bar exhibits a texturally sharp contact with finer-grained distal delta front 
sediments (FA4) (Figure 5.1). The lower contact ranges from planar, concave up, concave down, 
and irregular contacts. Irregular contacts are jagged and angular in appearance. Beds comprising 
the sharp based mouth unit are generally ungraded. The overall trend of the mouth bars unit as a 
whole, is ungraded (blocky), locally coarsening up. Individual bed thickness ranges from several 
centimeters to greater than 1m in the core of the body, with beds locally thinning outwards to the 
margin of the sand body. General composite thickness ranges from ~8m at the core of a bar to 
the centimeter scale where mouth bars pinch out and interfinger or crudely downlap onto finer-
grained distal delta front facies associations. The upper bounding surfaces are locally planar and 
demonstrate wave influence in the form of aggradational wave-ripple and combined-ripple cross-
lamination. The wave influenced sedimentary structures occur where the unit is locally thickest. 
Internally, the unit has planar to convex-up bedding surfaces. Planar bedding surfaces are 
observed in Gully 2, where the mouth bar is thickest (Figure 5.2). Laterally the bar incorporates 
contorted sandstone bodies that appear out of place and are in sharp lateral contact with the more 
organized planar beds of the unit (Figure 5.3). These contorted sandstone bodies contain unclear 
bedding surfaces, but contain similar grain size and thickness to adjacent deposits. Contorted 
sandstone bodies locally have inclined surfaces that appear to be indicative of transportation 
direction to the southwest and to the west.The basal contacts of these bodies load into and warp 
underlying beds that contain soft sediment deformation features and water escape structures. 
Local beds of low-angle cross-stratified sandstone (F10) contain dark coffee ground-like 
material. 
Interpretation: The sharp-based unit (FA1), that thins laterally, contains higher energy 




Figure 5.1 Sharp-based mouth bar facies association forming a sharp textural contact with 
underlying distal delta front deposits in the upper sandstone unit in Gully #2. Rock hammer is 




Figure 5.2 Gully 2: Photo panoramic with measured section and facies associations highlighted. Yellow unit is sharp-based mouth bar 
with planar basal contact on the right of the photo, and irregular and angular contact to left with underlying distal delta front deposits 




Figure 5.3 Local contorted sandstone facies incorporated in the overall sharp based mouth bar in 
the upper sandstone unit. 
41 
 
distributary channel flowing into an open body of water. Jet theory has been used to explain how 
river inputs interact with standing bodies of water (Wright 1977). When a channel meets a 
standing body of water, like a lake, the channelized flow expands and loses competence, and the 
ability to transport coarser sediment resulting in deposition (Bhattacharya 2010). Water velocity 
is greater at the mouth of the channel, where the bar begins to form, and more subdued outwards, 
which leads to depositional contacts that appear less sharp as seen in the outcrop.  
The sharp contact with distal, very fine grained, sediments suggests that a more proximal 
unit has prograded onto a more distal unit (Bhattacharya, 2010). The internal bedding surfaces 
migrate in 2 directions (Figure 5.2), with a third inferred (into the outcrop). Mouth bars can 
migrate laterally, downstream, and upstream (Olariu and Bhattacharya, 2006), and are intimately 
related to distributary, and terminal distributary channels, and often inseperable because mouth 
bars actually fill terminal distributary channel accomodation. Mouth bars commonly are finer 
grained, contain concave up bedding surfaces, contain thin fining-up beds, and contain relatively 
greater slumps and slides compared to distributary channels Terminal distributary channels are 
coarser grained than mouth bars, and have low topographic concave bases, which are erosive to 
non-errosive, that can laterally migrate in mainly one direction (Olariu and Bhattacharya, 2006). 
Deposition rates are high in a mouth bar setting which is demonstrated in the sedimentary 
structure of the beds, i.e. massive beds and aggrading ripple beds (Figure 5.2) (Olariu and 
Bhattacharya, 2006). The abundance of soft sediment deformation and association of irregular 
sand bodies interpreted to be slide deposits within the greater bar form itself (Figure 5.3) are 
evidence that deposition rates were high (Reading and Collinson, 1996) which can lead to 
destabilization and slide bodies. The incorporation of coffee ground material, which is terrestrial 
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organic material, is consistent with a fluvial deltaic source input into an otherwise lacustrine 
system (Olariu and Bhattacharya, 2006). 
The aggradational sedimentary structures, the concave up bedding surfaces, and the 
contorted sand bodies (interpreted as locally sourced mouth bar slide deposits) indicate 
deposistion by mouthbars in the mouth of a terminal distributary channel. Alternatively, these 
deposits could be interpreted as being fluvial channels in the delta plain zone. This interpretation 
is not favored because of ther lateral association of fine grained, finely laminated distal delta 
front deposits (FA4). Also, the lack of subaerial features such as mudcracks, root traces, and 
palesols favor deopostion by mouthbars in terminal distributary channels. Paleocurrent data for 
FA1 (Table 1) indicates a direction of transport to the northwest. 
 
5.2 FACIES ASSOCIATION 2: AGGRADATIONAL MOUTH BARS 
Description: Aggradational mouth bar complexes are comprised of a greater number of 
beds than the sharp-based mouth bars, locally contain alternating finer and coarser sandstone 
beds that organize into coarsening upward cycles (Figure 5.4 and 5.5), incorporate sandstone soft 
clasts, have a greater variety and abundance of ripple structures that locally contain mud drapes 
and are commonly aggradational (Figure 5.4). Facies within this facies association include: 
structureless sandstone (F3), current-ripple cross-laminated sandstone (F5), climbing-ripple cross 
laminated sandstone (F6), combined-ripple cross-laminated sandstone (F7), wave-ripple cross-
laminated sandstone (F8), low-angle cross-stratified sandstone (F10) (Table 3).  
Overall, aggradational mouth bars (FA2) are heterogeneous and are laterally more 




Figure 5.4 Distal aggradational mouth bars in Gully 8B. Yellow lines highlight the top of 
coarsening upward packages of the unit and tie those surfaces into the measured section, arrow 





Figure 5.5 Aggradational mouth bars in a proximal setting, coarsening upward sequences highlighted with symbols, photo inset shows 
a soft clast debris flow with bedding and individual clasts outlined.
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lower distal delta front deposits (FA4). The nature of the lower contact varies across the outcrop. 
Lower contacts are planar and gradational with distal delta front deposits. Laterally these units 
are less continuous, and locally downlap and thin, gradationally transitioning into finer grained 
delta front deposits as in Gully 8B (Figure 5.4). Depositional units with these characteristics are 
found in the eastern part of the outcrop and range in gross thickness from 5m to greater than 
10m. In other areas similar packages of aggradational wave (F8) and combined ripple cross 
laminated sandstone (F7) contain coarser grained beds at the top of the sequences. When coarser 
grained packages are present there is locally a greater amount of soft sediment deformation 
features and beds that contain soft sediment clasts of sandstone. Laterally, aggradational mouth 
bars pass into more distal delta front sediments (FA3), which are not well exposed, but are 
apparently silty laminated mudstones from field observation. 
Interpretation: Coarser beds of low angle, cross-stratified (F10) and structureless 
sandstones (F3) are interpreted to be proximal mouth bars (Figure 5.5) (Wright, 1977; 
Bhattacharya, 2010). The cycles of coarsening upward packages in the FA3 occurred as the delta 
prograded and aggraded. Gradational packages of aggrading wave (F8) and combined-influenced 
ripples (F7) are interpreted as distal extensions (Figure 5.4) of the more proximal mouth bar 
sandstones (Figure 5.5); wave-ripple and combined-ripple cross-laminated facies indicate that 
wave processes were present and did influence the sedimentation in the fair-weather wave zone 
(Wright, 1977; Bhattacharya, 2010). Wave processes influenced the depositional sedimentary 
structures, but wave energy is not interpreted as totally redistributing the sediment input, as 
indicated by the lack of shore face character. Aggradational mouth bars have limited areal extent, 
which was restricted by river input. 
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When runoff or sediment supply increased, coarser grained and higher energy facies 
prograded onto distal finer grained rippled facies  In distal areas, further into the lake, coarser 
grained mouth bar elements are absent, and instead thin beds of wave rippled cross laminated 
sandstone (F8) aggrade in coarsening upward units with the local association of mud drapes 
(Figure 5.4). 
Coarsening upward cycles are consistent with progradation of mouth bars in a delta 
setting (Olariu and Bhattacharya, 2006; Reading and Collinson, 1996), and are interpreted by 
researchers in other delta settings of the Green River Formation outcrops within the Uinta basin 
(Remy, 1992; Keighly et al., 2003; Schomacker et al., 2010). This unit is likely a terminal 
distributary channel and mouthbar complex, similar to FA1,but with the addition of multiple 
coarsening upward sequences Where the coarser bar facies are present, the underlying distal bar 
facies locally contain soft sediment deformation features and sandstone soft clasts, which is 
likely related to higher sedimentation rates during periods of progradation. As with the sharp-
based mouth bars (FA1), high sedimentation rates lead to uneven loading and pore fluid 
pressures which result in water escape structures and other soft sediment deformation features 
which occur commonly in mouth bar settings (Olariu and Bhattacharya, 2006). Paleocurrent data 
for FA2 indicates a direction of transport to the northwest (Table 1). A fluvial channel 
interpretation is not favored for the same reasons outlined for FA1. 
5.3 Facies Association 3: Distributary Channel 
Description: Distributary channel facies association (FA3) is comprised of structureless 
sandstone facies (F3), plane-parallel laminated sandstone (F9), and trough cross-stratified 
sandstone (F11) (Table 3.). FA3 is in sharp lower contact with finer-grained distal delta front 
sediments. The distributary channel association comprises one unit in the study area, is up to 
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several meters thick, and gently thins laterally to the west and more abruptly to the east. 
Individual sets of trough cross beds range from 10-40 cm in height. Paleo-currents taken along 
an exposure of the channel facies resulted in wide variety of dune migration directions in an 
approximate 180° arc (The arc ranges from 314-115°; northwest to easterly directions). This 
trough cross bedded unit is laterally continuous along the study area exposure, and does not 
appear to transition depositionally into the distal delta front facies association (Figure 5.6). 
Interpretation: This primarily cross-bedded unit is interpreted as distributary channel. 
Classic concave-up, basal scoured channelized features are not observed in the unit, instead, the 
lower contact is sharp and planar. The trough cross bedded facies (F11) is comprised of 
migrating dune forms interpreted to represent high energy environment of a distributary channel 
network (Olariu and Bhattacharya, 2006; Schomacker et al., 2010). Alternatively these trough 
cross beds could be interpreted as an upper shoreface zone. This interpretation is not considered 
likely because of 1) a lack of middle and lower shoreface facies in the outcrop including 
hummocky and swaley cross bedding (Plint, 2010), 2) the overall context and association of 
surrounding river dominated environments, and 3) limited areal extent.  
Paleocurrent data for FA3 indicates a direction of transport to the west, north, and east 
(Table 1). This variation indicates that the FA3 environment deposited sediment in an arc-like 
orientation. 
5.4 Facies Association 4: Distal Delta Front  
Description: Distal delta front deposits are finer-grained than FA1, FA2, and FA3. 
Deposits are comprised of fine sand, silt, and mud in thin beds, and contain coarser grained slide 
deposits and soft sediment deformation features. Facies comprising distal delta front sediments 




Figure 5.6 Distributary channel (FA3) in the Gully 6 area, highlighted in orange, is mainly 
comprised of trough cross bedded sandstone and has a sharp planar lower contact marked with 
line in the lower photograph. Underlying unit is distal delta front facies and is mainly thin beds 
of sandstone and siltstone.
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sandstone and structureless sandstone with mudstone clasts (F3), thin ripple topped or 
based sandstones (F4), combined ripple cross-laminated sandstone (F7) (Table 3.).  
Distal delta front sediments are laterally continuous in the outcrop forming 10 m thick sections in 
non-erosional contact with underlying oil shale microbialite (FA5) units, that is marked by a 
color change and increase in silt-content. In outcrop this contact appears as a color change as 
grey and black oil shale beds change to tan colored silts. The upper contacts of the distal delta 
front facies are generally sharp when sharp-based mouth bar and distributary channel facies 
associationsare present, and more gradational when superimposed by aggradational mouth bar 
units (Figure 5.7). 
In several instances, very low relief channelized features are observed in the upper delta 
front sediments. Low relief features contain a subtle basal scour and contain similar infill as 
adjacent sediments. In addition, these features contain thin sands layers, 1-5cm thick. Thin sand 
layers locally contain current ripple cross-lamination, and symmetrical ripple tops and bases 
(Figure 5.8). FA4 contain locally deformed beds, large slide deposits, slumps, and ripped-up oil 
shale clasts, in association with ungraded sandstone containing oil shale and homogeneous mud 
clasts. Overall the distal delta front unit coarsens upward with considerable variation in bedding 
and grain size.  
Interpretation: The distal delta front is defined as adjacent to and depositionally down 
dip from the distributary network forming a gentle subaqueous platform (Bhattacharya, 2010).  
The distal delta front is the linked basinward extension of mouth bars (FA1-2), but lacks large 
barfoms and is mainly comprised of laterally extensive laminated beds. FA4 is composed 
dominantly of fine-grained sand and silt laminated beds and massive beds. These units are 




Figure 5.7 Distal delta front (FA4) with mainly planar bedding thin sandstones that have rippled tops and bases. Scour in the lower 




Figure 5.8 Distal delta front (FA4) with mainly planar bedding thin sandstones that have rippled 
tops and bases. Scour in the lower part of the photos is interpreted to be a delta front channel. 
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Within the distal delta front it is apparent that some regions were closer to sedimdent 
input, e.g. are more sand-rich and contain more rippled facies (Figure 5.8). Current ripple and 
combined rippled beds indicate that deposition was mainly through traction, but wave energy 
was still present in the transition from the lower littoral to sublittoral zones. Paleocurrent data for 
FA4 indicates a direction of transport to the west and northwest. Low relief channelized features 
may represent the product of hyperpycnal/density flows or turbidites that emanate from the up 
dip river inputs (Olariu and Bhattacharya, 2006; Zavala et al., 2006) (Figure5.8). Other areas 
appear further from sediment source, which are silt and mud dominated containing occasional 
thin rippled sandstone bed (Figure 5.7). The lower portion of the unit is more massive to crudely 
laminated and finer grained because the majority of this sediment was deposited via buoyant 
plumes (Olariu and Bhattacharya, 2006). 
FA4 deposition that contains large rip-up clasts of oil shale, and ungraded sandstone beds 
with oil shale clasts represent episodic deposition that was erosive up dip where either oil shale 
was forming at the onset of siliciclastic deposition, or contemporaneously in inter-siliciclastic 
distributary areas. Similarly, the incorporation of slide deposits with FA2 character indicates that 
FA4 was depostionally downdip from FA2. Slump and slide deposits can occur on low gradient 
depositional slopes, encouraged by high sedimentation rates of finer sediment (Stow et al., 
1996). 
The overall coarsening upward trend within FA4 is due to the progradation of river 
systems and is a basic trait of prograding deltaic systems (Reading and Collinson, 1996). The 
vertical association with underlying oil shale and microbialite deposits (FA5) and overlying 
distributary channel (FA3) and mouth bar units (FA1-FA2) suggests the unit is medial to those 
facies associations. The lack of bioturbation can be related to high lacustrine water salinity, 
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which is more variable than in marine systems, and could be further inhibited by high clastic 
deposition rates (Renaut and Gierlowski-Kordesch, 2010). 
5.5 Facies Association 5: Oil Shale and Microbialites 
Description: Oil shale and microbialites (FA5) form thick sequences between the more 
sand dominated facies associations, FA1-4. Oil shale is finely laminated organic-rich carbonate 
mud with varying silt content, that readily reacts with HCl. Lighter colored oil shale appears to 
contain more silt. Oil shale forms black, brown, and grey beds. There is no observed bioturbation 
in the oil shale facies. Very fine sand and silt form thin beds or lenses in the unit. Oil shale is 
locally inter-bedded with microbialites. Microbialites form dome-like and planar bed geometries 
and are internally laminated millimeter-scale or massive. Microbialite beds in Evacuation Creek 
can be traced along the outcrop for 100’s to 1000’s of meters. Microbialites are locally sharp 
based and pass vertically into oil shale facies that drape onto upper microbialite surfaces (Figure 
5.9). 
Interpretation: The laminated structure of the oil shale facies suggest settling of 
suspended or precipitated sediments below the wave base in a low energy setting (Renaut and 
Tiercelin, 1994; Smith et al., 2005). The alternating darker and lighter color beds are related to 
organic richness, mineralogy, and silt content (Bohacs et al., 2000). Silt input is controlled by 
river input. The thin siltstone and sandstone beds are likely sediment gravity flows and gravity 
settling from buoyant plumes and may be related to flooding events in the basin (Renaut and 
Gierlowski-Kordesch, 2010). Microbialite beds are interpreted as thrombolites and stromatolites. 
Depositional cycles comprised of alternating oil shale and microbialites are interpreted as 




Figure 5.9 Oil shale and microbialite unit. Sharp-based microbialite facies grade upwards into oil 
shale facies. Detailed photograph shows lower microbialite being draped and covered by dark oil 
shale facies.  
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shale facies that drape over the microbialite surfaces (Figure 5.9). Deepening upward cycles have 
been documented in other regions of the basin (Suriamin, 2010; Tänavsuu-Milkevicience and 
Sarg. 2012). Microbialites form in the photic zone (Renaut and Gierlowski-Kordesch, 2010) and 
therefore indicate deposition in the sublittoral and littoral zones. Oil shale can form in the littoral 
to profundal lake zones. The lack of sand or silt input is important to F5 deposition, whereas the 
richest oil shales occur in profundal zone (Bohacs et al., 2010; Tänavsuu-Milkevicience and 
Sarg. 2012). Regional studies by Tänavsuu-Milkevicience and Sarg (2012) have shown similar 
facies associations to be laterally associated with up dip shoreline environments. 
5.6 CROSS SECTION 
Over the entire outcrop (Figure 5.10), discrete zones of increased sand input are identified 
and are illustrated in the interpretation of a depositional strike oriented cross section through 
Evacuation Creek (Figure 5.11). Sharp-based mouth bars, aggradational mouth bars, distributary 
channel, and distal delta front (F1-4) are interpreted as deltaic input into the lacustrine system. 
The overall geometry of the facies associations in figure 5.11 will be discussed further in the 
next chapter. Sequence boundaries in the field area are the more distal extension of erosive 
surfaces resulting from sandstone body incision that are observed updip near Baxter and Douglas 
Pass in the area of the Douglas Creek Arch (Tänavsuu-Milkevicience and Sarg. 2012). In the 
area of Evacuation Creek sequence boundaries transition into correlative conformities, but are 

















Facies architecture can be demonstrated at different scales in Evacuation Creek. The 
largest scale is the roadside panorama scale. Three red labeled regions 1, 2, and 3 in Figure 6.1 
show the coverage of the roadside panoramas taken from the valley floor near the road and creek 
(Figure 6.1). These three panoramas cover the distance of the outcrop. The other scale of 
panorama is the gully panorama. These panoramas are labeled in orange. The gully panoramas 
are taken from within gullies, show the outcrop within the gullies, and are preferentially oriented 
looking to the west where outcrop is best exposed. The gully panoramas (orange) offer visuals of 
the outcrop in a perpendicular orientation compared to the larger roadside panoramas (red) 
(Figure 6.1). 
The order for the following section will be to present roadside panorama 1 and then to 
show the intervening gully panoramas that are perpendicular the roadside panorama. The same 
order will follow for roadside panorama 2 and 3 (Figure 6.1). The vertical component of the 
study interval covers two sand dominated units.  These two units are comprised of FA1-4 and are  
are referred to as the upper and lower sandstone units, and are separated by continuous oil shale 
and microbialite units (FA5). 
6.1 Roadside Panorama 1: Gullies 0-6 Upper Sandstone Unit: Roadside Panorama 1 
Roadside panorama 1 covers gullies 0-6 (Figure 6.2). Facies associations include sharp-
based mouth bars (FA1), distributary channel (FA3), distal delta front (FA4), and oil shale and 





Figure 6.1 Coverage of roadside panoramas 1-3 in Evacuation Creek (red) and gully scale panoramas (orange).
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Both the upper and lower sandstone units coarsen upward from a sharp boundary with 
underlying oil shale facies. The boundary is sharper in some areas and more transitional in 
others, occurring over the scale of about 10 cms. The transitional contact represents 
interfingering of the distal delta front (FA4) and oil shale and microbialite (FA5) deposition. 
This significant surface is present at the base of both the upper and lower sandstone unit and 
represents a distinct change from dolomitic oil shale deposition to siliciclastic deposition. These 
surfaces are the distal extensions of errosive sequence boundaries in more proximal settings 
(Tänavsuu-Milkeviciene and Sarg, 2011). 
The upper sandstone unit is comprised of distal delta front sediments (FA4) and sharp-
based mouth bar (FA1) (Figure 6.2). The upper sandstone has an abrupt lower contact with oil 
shale-microbialite (FA5). The sharp-based mouth bar extends for nearly a mile in distance from 
gully 1 to 3 (Figure 6.2). The geometry of the basal contact of  the sharp-based mouth bar (FA1) 
and underlying distal delta front sediments (FA4) ranges from planar to angular in the center of 
gully 2 (see Figure 6.3 and 6.4) to irregular (Figure 6.5: Gully 3). Internal structure varies across 
the extent of the bar form and appears progradational in multiple directions (Figure 6.3). In gully 
3 the lower contact is locally irregular where slide blocks are incorporated within the bar form 
structure as the bar pinches out or downlaps onto distal delta front deposits (FA4) (Figure 6.5). 
These beds are interpreted as pieces of the mouth bar that slid off of the bar as it was being 
deposited, were internally deformed, and as a result have distorted internal structure. These 
distorted bodies were then incorporated in the later growth of the mouth bar. 
 The mouth bar thins laterally away from gully 2, where FA2 is thickest. The sharp-based 
mouth bar contact with distal delta front is sharpest in gully 2 (Figure 6.2) and becomes more 




Figure 6.2 Roadside Panorama 1 which includes gullies 0-6.The two sand-dominated siliciclastic units, referred to as the lower 
and upper sandstone units, Lss and Uss respectively in the figure, which are separated by non-colored oil shale and microbialite facies 
association. The upper sandstone unit is only observable in gully 0-3. East of gully 3 (to the right in the panorama) the upper 




Figure 6.3 Gully 2 Panorama with inserts for lower sandstone unit. Deformed distal delta front sediments in gully 2 panorama in the 
lower sandstone unit. A) Shale beds under the lower sandstone unit are warped downward indicating uneven loading during the 
deposition of the lower sandstone unit. B and C) Steeply dipping bedding in the lower sandstone unit, that are anomalous in the 




Figure 6.4 Upper sandstone unit: sharp-based mouth bar facies association (yellow) in contact with proximal delta front sediments 




Figure 6.5 Facies associations inside gullies 3 and 4. In gully 3, in upper sandstone unit, the sharp-based mouth bar contains slide 
blocks (purple) of mouth bar facies incorporated in overall mouth bar form (yellow). In Gully 4, in the lower sandstone unit, 




gully 3 the upper sandstone unit is covered, and what can be seen is a brown silty, slope forming 
unit that likely represents a distal or inter-distributary area. 
6.2 Roadside Panorama 1: Gullies 0-6 Lower Sandstone Unit 
The lower sandstone unit across roadside panorama 1 is mainly comprised of distal delta 
front sandstones (FA5). In gully 0 distal delta front (FA4) comprise the majority of the entire 
lower sandstone unit. These sandstones are locally thinly bedded and contain soft sediment 
deformation features in fine grained facies that coarsen upward into sharp contact with 
distributary channel (FA5) (See Chapter 5; Figure 5.7)  
To the east, in gully 1 the cross bedded units of the distributary channel have thinned and 
transitioned into low angle cross bedded sandstone facies with a gradational  basal contact. 
Where present, this contact between facies associations represents a progradation of the 
distributary channel FA onto the distal delta front. Where the contact is sharper the setting is 
more proximal and where the contact is more gradational the progradation is more distal. 
Bedding surfaces are planar in gully 0-1 in the distal delta front facies association. This character 
changes between gully 1and gully 2. In this transition bedding surfaces are locally discontinuous, 
complex, and contain discrete packages of sediment that contain warped bedding surfaces with 
large dewatering structures that have incorporated lower oil shale sediment. This style of 
sedimentation in the distal delta front contrasts with the planar beds of gully 0-1 and is 
concentrated in the vicinity of gully 2 (Figure 6.3). 
 In the gully 2 panorama (Figure 6.3), the lower sandstone unit is mainly comprised of 
delta front sandstone facies, but is thicker than in adjacent gullies 1 and 3. At the basal contact of 
the lower sandstone unit, which is the contact of FA4 and FA5, the oil shale beds are warped 
downwards (6.3A). This type of loading feature is seen in other areas, is commonly related to 
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direct loading of a slide block of sandstone that has moved gravitationally down dip. In addition, 
there are bedding surfaces that have anomalously steep dip within the lower sanstone unit (6.3B-
C). This package is interpreted as deformed distal delta front deposits from high sedimentation 
rates and bed slumping. Planar bedding is restored in gully 3 in the distal delta front (FA4)  in the 
lower sandstone unit (Figure 6.5. 
 In gullies 3-6, the lower sandstone is mostly comprised of finely bedded distal delta front 
deposits (FA4) that coarsen upward and form sharp contacts with a laterally continuous 
distributary channel facies (FA3). This sediment lobe is mainly comprised of trough cross 
bedded sandstone. FA3 thickens towards gully 6, where it reaches its maximum thickness. The 
lower sandstone unit is consistently capped by an intraclastic carbonate bed that is interpreted as 
a transgressive lag. Above this bed is a thick unit of FA5, which is a laterally continuous unit 
where individual microbialite beds can be traced laterally in the outcrop as demonstrated in the 
cross section (Figure 5.11). 
6.3 Roadside Panorama 2: Gullies 5-7 Lower Sandstone Unit 
Roadside panorama 2 shows the upper and lower sandstone units between gullies 5-7 
(Figure 6.6). In gully 5, 6A and 6B the lower sandstone unit is dominantly comprised of distal 
delta front sandstones and mudstones that are horizontally planar bedded where exposed. The 
lower sandstone unit begins with a lower contact with oil shale facies that is inferred to be 
abrupt, this lower contact is covered by talus. From the sharp lower contact, silty rock coarsens 
upwards into planar bedded silt and very fine sandstone that is interpreted to be distal delta front 
deposits (FA4).  The top of the distal delta front sandstones are in sharp and planar contact with 
the continuous distributary channel facies association, which is comprised of cross-bedded and 
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trough cross-bedded sandstone facies. The upper part of the lower sandstone unit is capped by a 
carbonate rip-up clast bed, which is then succeeded by oil shale beds.  
The distributary channel can be walked in the outcrop from gully 5 as it thickens in the 
ridge that separates gully 6A and 6B (Figure 6.6, and 6.7). The trough cross-bedded facies of the 
distributary channel (FA3) are locally filled with tar that drips down the exposure in the heat of 
summer. The distributary channel thins out in the west wall of gully 6B (Figure 6.7). The outcrop 
extent of the distributary channel is over 0.85 miles.  
The depositional nature of the lower sandstone unit in gully 7 contrasts with the style in 
gullies 5-6B. The lower sandstone unit in gully 7 contains more abundant soft sediment 
deformation and some very well preserved slide deposits and possible debris flows (Figure 6.8). 
Slide deposits range in size and in overall preservation of original internal depositional structure. 
An example of a large slide deposit that has maintained original depositional structure, despite 
considerable transportation, is the “cinnamon roll”. This slide deposit contains current ripple and 
wave modified current ripple laminations that are very aggradational in stacking geometry, the 
deposit was folded in slide transport, overturned, and loads into lower sandstone in contact with 
oil shale facies (Figure 6.9). The origination of this deposit is likely in the environment of mouth 
bar facies associations in the littoral zone, as it is comprised of similar rippled facies. This body 
was later covered by more slides, debris flows, and distal delta front deposition. This area lacks 
the distributary channel facies association and is capped by a thin cross bedded sandstone unit 
and carbonate rip up bed.  
Gully 7 is interpreted as being depositionally downslope from aggradational mouth bars 
(FA2), similar to those in the east end of the outcrop area (gullies 8 and 9; in Roadside 










Figure 6.7 Gully scale panoramas of gullies 5, 6A and 6B. Facies associations in these gullies are distal delta front deposits (tan), 





Figure 6.8 Gully 7 with contrasting depositional style compared to gully 5-6B. “Cinnamon roll” slide deposit is highlighted in yellow, 
loading into underlying oil shale. Debris flows that include large contorted oil shale and sandstone clasts. Note the overall chaotic 




Figure 6.9 “Cinnamon Roll” slide deposit at the basal contact in the lower sandstone unit in gully 7. Black line shows loading into 
underlying oil shale facies A) Folded beds that contain preserved initial depositional structures of ripples. B) Aggradational ripple 
stacks that comprise the deposit. C) Overturned nature of ripples indicating the core of the deposit is overturne
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“cinnamon roll” lies in direct contact with, and loads into underlying oil shale beds shows the 
sedimentation changed rapidly from oil shale and microbialite deposition to sand- silt dominated 
deltaic deposition. This could have occurred with several storm driven clastic pulses into the lake 
that resulted in high deposition rates in the mouth bar environment. Mouth bars deposited rapidly 
were unstable and slide down dip, through the distal delta front environment and into the 
transitional zone of the distal delta front and oil shale area transition 
6.4 Roadside Panorama 3: Gullies 8-9 Lower Sandstone Unit 
Roadside panorama 3 covers gully 8-9 in the lower sandstone unit (Figure 6.10). In this 
area, as with the previous area covered by roadside panorama 2, only the lower sandstone unit is 
directly observable in outcrop. The upper sandstone unit is a brown silty slope former. The lower 
sandstone unit is mainly comprised of aggradational mouth bar facies associations that are less 
connected in a lateral sense from gully to gully. The aggradational mouth bars are more 
heterogeneous than the sharp-based mouth bars in the upper sandstone unit in roadside panorama 
1, and contain coarsening upward cycles. The aggradational mouth bars can be separated into 
proximal and distal types.  
In Gully 8A the lower sandstone unit coarsens upward from distal delta front (F4) to 
aggradational mouth bars (FA2), which are comprised of an alternation between coarser and 
finer-grained beds (Figure 6.11). The contact between FA2 and FA4 is gradational. The outcrop 
exposure of the lower sandstone unit is limited laterally, but subsequent exposure towards Gully 
8B suggests that the beds in the package thin laterally, are finer grained, and interfinger with an 
adjacent mouth bar (FA2) of similar depositional style in adjacent gully 8B. 
In gully 8B the lower sandstone unit has a lobe-like geometry that is exaggerated by the 




Figure 6.10 Roadside Panorama 3. Lower sandstone unit is further back in the outcrop, gully 8A-9 denoted with arrows. Sandstone in 




Figure 6.11 Gully scale panorama 8A. Lower sandstone unit is mainly comprised of aggradational mouth bar facies association 





Figure 6.12 Gully scale panorama showing gully 8A and 8B. Interpreted image includes measured sections, facies associations 
and highlighted bedding surfaces.
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overall and contains thinner aggradational wave ripple and combined wave ripple lamination 
beds. Gully 8B contrasts with gully 8A in that the beds are thinner and and more gradational. 
The thicker beds of gully 8A are likely a seperate, more proximal mouth bar. The thinner bedded 
and more gradational sand lobes of gully 8B are likely a more distal extension of a mouth 
bar(Figure 6.12). The depositional style contrasts with that of the sharp-based mouth bar in 
roadside panorama 1 in that it has multiple and separate sediment lobes. 
In the last outcrop section, Gully 9 of the lower sandstone unit, a thick package of 
aggradational mouth bars comprised of smaller coarsening upward packages is present (Figure 
6.13). The base of the lower sandstone unit consists of slope forming distal delta front (FA4) 
sediments that contain blocks of coarser sediment. The lower contact between FA4 and FA2 is 
abrupt, but non-erosive. These blocks are interpreted as slide blocks from more proximal up dip 
environments, but do not have preserved bedding and internal structure like that of “cinnamon 
roll” in gully 7. 
Above the distal delta front (FA4) deposits are coarser-grained sandstone units comprised 
of upward coarsening cycles interpreted as proximal aggradational mouth bars (FA2) (Figure 
6.13). Overall the unit is a vertically heterogeneous body, which contains possible debrites 
comprised of sandstone clasts, slide deposits and coarser grained wave-influenced ripple beds. In 
this oblique strike view of this mouth bar complex, the geometry is lobe-like and convex up 
bedding surfaces dip away from the center part of the body (Figure 6.13). 
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Figure 6.13 Gully scale panorama 9. Aggradational mouth bar facies association (yellow) and distal delta front deposits (tan). 






Bhattacharya (2010) defines deltas as “subaerial landforms and their submarine 
extensions…”, or lacustrine extensions, that form when a river, or point source, intercepts a 
larger body of water, undergoes flow expansion and deposits sediment (Bhattacharya, 2010). As 
accommodation space is filled, depositional progradation can occur. The progradational nature of 
deltas can be identified by shallowing upward sediment packages, basinward stepping of delta 
environments or basinward dipping clinoforms or bedding surfaces. Upward shallowing facies 
successions are commonly exhibited by a combination of upward coarsening sediment and 
upward change in sedimentary structures from lower energy to higher energy (Bhattacharya, 
2010). 
The main environments of a delta are 1) delta plain, area occupied by a network of 
distributary channels, often split into an upper and lower region, 2) distal delta front, the 
proximal area where the shoreline processes interact with the terminus of the distributary 
network , this region extends to distal and submarine deposition, is a sand dominated area, and 
transitions to the 4) prodelta, which is most basinal extension of the delta where finer sediment 
like silt and clay settle out of suspension or are transported as fluid mud (Bhattacharya, 2010). 
In Evacuation Creek deltaic sediments are laterally continuous and heterogeneous 
depostional units which form the upper and lower sandstone units. By definition above, almost 
all of the upper and lower sandstone unit (FA1-4) could be lumped into a distal delta front facies 
association. The mouth bars are part of the distal delta front by definition, but are assigned a 
separate facies association because they are discretely identifiable, locally display sharp-based 
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contacts and coarsening upward cycles, and show better reservoir quality. By splitting these units 
apart it becomes easier to understand the deposits. Typical clinoform-bound packages, which in 
other studies are important to identifying deltaic deposition (Schomacker et al., 2010), are not 
observed in Evacuation Creek. Nonetheless, demonstrable deltaic deposition is observed within 
the outlined facies associations that makes the case for distinct sediment input sources. Because 
mouth bars are genetically related to the distributary network, the presence of mouth bars 
represent discrete sediment input sources (Figure 7.1) Based on measured sections, interpretation 
and literature, the following sections put together a basic model to display the facies association 
distribution and  depositional setting for the upper and lower sandstone units in map view. 
7.1 Model for Lower Sandstone Unit 
In the lower sandstone unit there is evidence for multiple sediment inputs. In the western 
part of the outcrop, a laterally extensive distributary channel (FA3) is identified and spans gully 
3-6B. The distributary channel in this study area represents an input separate westward directed 
source that is separate from the input that is recorded in gully 8-9 (Figure 7.2).  
 In gullies 8A, 8B and 9 three separate mouth bar (FA2) Gully 8A and 9 are interpreted as 
proximal mouth bar deposits, whereas 8B is interpreted as a distal mouth bar extension, and 
potentially an extension of one of the more proximal bars observed (Figure 7.2). Because the 
outcrop is oriented oblique to depositional strike no direct observations can be made of the 
hypothetical updip distributary network, and there is no observable continuation of the mouth 
bars in a down dip orientation that allow for direct observation of how facies change in a 
direction into the lake. What is observable in the outcrop are isolated mouth bars. These mouth 
bars may have been contemporaneous because they were deposited by the same distributary 





Figure 7.1 Model for facies distribution and morphology in mouth bar lobes in local deltaic 






Figure 7.2 Upper map: facies distribution in outcrop. Lower map: interpreted depositional 




distributary channel evulsions. Flooding surfaces would help determine the sequence of mouth 
bars or progradation events. The only flooding surface is at the top of the entire lower sandstone 
package and is represented by a laterally extensive oil shale bed (Figure 5.11).  
In gully 7A there is an isolated slide deposit known as the “cinnamon roll’ feature. This 
deposit contains vertically aggrading or climbing wave modified ripple lamination, which 
indicate high deposition rates. Mouth bar sites are environments of high sedimentation rates, 
which can make the sediments unstable and susceptible to sliding into the distal delta front, 
which is an additional mode for the deltaic system to prograde and deliver sediment into the 
basin. The origin of the “cinnamon roll” was likely from a mouth bar setting like that seen in 
gully 8b, which contains similar rippled facies.In gully 2 there are no direct mouth bar facies 
associations, but there is a thicker succession of distal delta front deposits (FA4). In gully 2, the 
thicker succession of sandstone contains features that indicate that a large portion of the sediment 
deposited may have been contributed from slides and debris flows. Beds in this area are locally 
discontinuous, end abruptly, dip anomalously steeply, and truncate adjacent beds (Figure 6.3). 
There are also loading features in the lower oil shale contact and large meter-scale dewatering 
structures. It is likely that this area had sediment contributed from a locally up dip mouth bar or 
non-observed sediment lobes and not simply orderly gravitational distal delta front deposition. 
The northeast-southwest orientation of the shoreline was chosen to coincide with the 
paleocurrent data. The paleocurrent data (Table 1) indicates direction of transport to the west and 
northwest for the lower sandstone unit. The kink in the shoreline between FA2 deposition in the 
south and FA3 deposition in the west is related to avulsion during deposition of the entire lower 
sandstone unit. The aggradational mouthbars are interpreted to have been deposited initially. 
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These mouthbars filled the accommodation space in the south which redirected sediment input 
further to the west with the subsequent deposition of the distributary channels (FA3). 
Overall, the lower sandstone unit demonstrates a variation of depositional style within the 
delta front system. The lack of observed clinoforms, the disconnected nature of deltaic elements; 
the distributary channel (FA3), and multiple aggradational mouth bar deposits (FA2), and 
paleocurrent data, indicate that the exposures of the lower sandstone unit occur in a strike view 
oblique to depositional dip (Figure7.2). 
7.2 Model for Upper Sandstone Unit  
The upper sandstone unit is only directly observable in gully 0-3. In this area a laterally 
extensive sharp-based mouth bar (FA1) is interpreted with significant internal complexity 
(Figure 6.2). The mouth bar is thickest and in sharp basal contact with distal delta front (FA4) in 
gully 2 (Figure 7.3). The mouth bar apparently prograded and thinned in a westerly direction. To 
the  east, between Gully 2 and 3 and well demonstrated in roadside panorama 1 (Figure 6.2), the 
mouth bar prograded westerly as seen by the slide blocks that were incorporated in to the 
westerly dipping surfaces of the later mouth bar growth and deposition. Blocks that slide 
disconnect from the mouth bar element, and move gravitationally down slope.  As mouth bars 
build topographic relief as sediment is deposited, the element will prograde in multiple directions 
perpendicular to the bar contours illustrated in Figure 7.3 (Schomacker et al. 2010). Paleocurrent 
data indicates that the direction of transport is northwest. Lateral and downdip progradation 
incorporated the slide blocks in the final bar form. Overall, the sharp based mouth bar represents 





Figure 7.3 Upper map: facies distribution in outcrop. Lower map: interpreted depositional 





The lower sandstone unit exhibits more robust sandstone deposition than the upper 
sandstone unit. The lower sandstone consists of two separate facies association (FA2, FA3) that 
are directly connected to sediment input sources. The first is the distributary channel (FA3), this 
unit is sharp based and laterally extensive, and contains high energy sedimentary structures 
containing some of the coarsest grained sediment of any sandstone unit. The second is the 
aggradational mouth bar sediment (FA2) present in gully 8A-9. Mouth bars form within and at 
the terminus of the distributary network. These mouth bars are comprised of coarsening 
upwardcycles, which contrasts with the mouth bars found in the upper sandstone unit. The upper 
sandstone unit contains sharp based mouth bars (FA1). The contrasting depositional style is well 
marked by sharp-based and blocky nature of the package as whole. The sharp-based mouth bar 
does not exhibit a coarsening or fining upward grain size trend, and in the core of body, is 
comprised of mainly meter scale beds. All of the strata to the east within the upper sandstone unit 
are covered, by talus slope, but is evidently lesser in gross thickness and finer-grained. The 
covered section likely represents pro-delta sediments. Although the mouth bar does not display a 
coarsening or fining upward trend, the upper sandstone unit as a whole comprises a singular 
coarsening upward package and not a series of coarsening upward packages as seen in lower 
sandstone unit mouth bars. Due to the lateral thinning of the sand body and the orientations of 
the bedding surfaces the mouth bars appears to be transected by the outcrop in an oblique-dip 
orientation (Olariu and Bhattacharya, 2006; Bhattacharya, 2010; Schomacker et al., 2010). 
 In the context of the Rising Lake Stage of Tänavsuu-Milkevicience and Sarg (2012) the 
decrease in basinward progradation of deltaic deposition, is logical for the deltaic upper and 
lower sandstone units when put in context. Sandstone units in the outcrop decrease in overall 
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thickness moving stratigraphically upwards, which could correspond to the lake margin stepping 
backward through time in this evolutionary stage of the lake. Assuming sediment input and 
runoff were similar in each episode of sand dominated deposition, sand bodies like mouth bars 
would step progressively landward in each successive sand-dominated phase, and the área would 
instead be replaced by finer grained depostion. 
Shoreline orientation is mainly oriented northeast-southwest. This is due to the 
progradational surfaces in the upper sandstone, the paleocurrents of this study, the paleocurrents 
of Rosenberg (2013), and facies relationships of other studies (Tänavsuu-Milkevicience and 
Sarg, 2012; and Sarg, personal communication). Other studies have recorded diverging 
plaleocurrents in the area of Douglas Arch, indicating that the arch played a role in sediment 
dispersal patterns. Monecure and Surdam (1980) recoded paleocurrents in the vicinity of 
Evacuation Creek, west of the Douglas Creek Arch having a Northwest paleocurrent orientation, 
with a perpendicular orientation for symmetrical rippled facies. This relationship may be related 
to shoreline reworking some sediment initial deposited by deltas.  
Stratigraphic studies to the southeast of the outcrop area, in younger stratigraphy, observe 
littoral grainstones. These grainstones are the product of carbonate growth in the wave zone 
(Tänavsuu-Milkevicience and Sarg, 2012; Sarg, personal communication 2013). These carbonate 
facies are inextricably linked to the paleoshoreline, and indicate that the shoreline was oriented 
in a northeast-southwest orientation. Basinward, in Hell’s Hole, profundal oil shale facies are 
observed, which also favor this orientation. Furthermore, southeast of the outcrop, microbial 
bioherms form as part of an overall lacustrine margine carbonate profile. In this margin profile, 
littoral grainstones transition into large microbial bioherms, which ultimately transition into more 
planar laminated microbialites (Sarg et al., 2013). This profile has been established in an 
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There are two main areas in the Uinta basin that have been the focus of outcrop studies, 
1) the southwestern part of the basin in Nine Mile Canyon, west of the modern Green River 
(Ryder et al., 1976; Remy, 1992; Schomacker et al., 2010), and 2) in the northeastern part of the 
basin at Raven Ridge (Kosemadinata,1967; Castle, 1990; Borer, 2001). In the area of Nine Mile 
Canyon, the Green River Formation has been extensively studied, and includes stratigraphically 
equivalent rocks to those in Evacuation Creek (Remy, 1992). Proposed depositional models in 
southwestern Uinta basin include a fluvial-deltaic system (Bradley 1931; Ryder et al., 1976; 
Remy, 1992). This system prograded on a shallow shelf, and was subject to periodic 
transgressions, which superimposed carbonate and oil shale facies over sand-rich deltaic facies 
(Remy, 1992; Schomacker et al., 2010). This deltaic system progrades and fills accommodation 
space by deposition of lobes or mouthbars, which were later cross cut by distributary channels, 
and were transgressed by laterally extensive carbonate beds (Remy 1992, Morgan et al., 2002; 
Keighley et al., 2002; Schomacker et al., 2010). The fluvial deltaic model of southwestern Uinta 
basin contrasts with the models for Raven Ridge in northeastern Uinta basin. 
Raven Ridge is on the north side of the east-west trending structural axis of the basin. 
Sedimentation and sediment source in this area is fundamentally different from that in the 
southern portion of the basin. In the Raven Ridge area subsidence rates were greater, due to 
active Eocene tectonics that formed the Blue Mountain, Skull Creek and Rangely Anticlines, and 
lesser sediment influx compared to the southern flank of the basin (Castle, 1990; Borer 2001). 
Sediment in Raven Ridge was sourced from the Uinta Mountains, and other Laramide uplifts, 
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mainly transported by rivers and possibly by eastward longshore drift from the northern margin 
of the basin. These factors led to a different marginal lacustrine depositional style of a wave-
dominated system. In the wave dominated system, sand bodies are observed to be laterally 
extensive, tabular, demonstrate extensive wave reworking in sedimentary structures, and rarely 
demonstrate channelized features (Borer, 2001). 
Evacuation Creek is located in the eastern margin of the basin near the structural axis of 
the basin. Geographically Evacuation Creek is closer to Raven Ridge but demonstrates 
depositional features more similar to fluvial-deltaic systems of the Nine Mile Canyon area. 
8.1 Integration into Lake Stage Models 
The upper and lower sandstone units of this study fit into the fourth stage of Johnson’s 
(1985) five-stage lake model for the early Cenozoic evolution of the Uinta and Piceance basins, 
which focuses on the development of Lake Uinta. In this model, specific rich and lean zones of 
Cashion and Donnell (1972) represent transgressions and regressions respectively, and form the 
basic framework for the lake stages. Johnson’s stage four is bounded at the base by zone R4 and 
at the top by the base of the Mahogany Zone. This stage is referred to as a transgression that can 
be documented around the perimeter of greater ancestral Lake Uinta. 
By comparison, in the Piceance basin six evolutionary stage model of Tänavsuu-
Milkeviciene and Sarg (2012), the study interval falls into Stage Four: Rising Lake Stage. The 
main character of this stage is largely that discontinuous facies associations of Stage Three are 
replaced by laterally continuous and traceable deeper facies associations of Stage 4. This 
character is well represented in the study interval of Evacuation Creek. In Evacuation Creek sand 






The depositional system in Evacuation Creek observed in the upper and lower sandstone units is 
consistent with deltaic style of deposition. The evidence for river dominated deltaic deposition is: 
1. Discrete areas of coarser-grained sand input. Sand is irregularly distributed into mouth bar 
deposits inferred to be the result of discrete sand input point sources, i.e. distributary 
channels. 
2. Observed disconnected blocks of sediment that contain highly aggradational ripple sequences 
and that are interpreted as slide deposits. These blocks were destabilized due to high 
sedimentation rates in the proximal delta front and slid depositionally down dip, within the 
original environment or into different, distal and finer grained environments, e.g. the 
“cinnamon roll” feature.  
3. A laterally extensive unit (FA3), demonstrated in the facies architecture, comprised maily of 
trough cross bedded sandstone. This extensive unit is interpreted to represent a distributary 
channel network. 
4. In the upper sandstone unit, sharp-based sand bodies, interpreted to be mouth bars (FA1), lie 
in direct contact with finer-grained sediments that are locally thinly bedded to laminated, and 
soft sediment deformed, interpreted to be distal delta front (FA4). The sharp based mouth 
bars (FA1) contain self-sourced slide blocks incorporated in the overall progradation of the 
bar. Sharp-based mouth bars (FA1) are indicative of an up dip sediment input source. This 
package is thickest in the center of the body and thin laterally. 
5. The lack of wave dominated shore facies successions containing hummocky and swaley 
cross bedding, similar to what is observed at Raven Ridge. 
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Reservoir analogue conclusions: 
1.  Mouth bars and distributary channel facies associations contain the best reservoir 
characteristics in the study interval.  
2. Reservoir facies, based on porosity estimates, include: plane-parallel laminated sandstone 
(18.0%), trough cross-stratified sandstone (15.5% average), cross stratified sandstone (6.8%), 
intraclastic sandstone (8.2%), and wave ripple cross laminated sandstone (4.3%). 
3. Distal delta front (FA4) is generally poor reservoir, but improves with increasing sand 
content. 
4. The sharp-based mouth bar (FA1) and distributary channel (FA3) are a more vertically and 
laterally continuous reservoir body. These contrast with the aggradational mouth bars (FA2) 
which have less lateral continuity in the outcrop and are vertically more heterogeneous. 
Distal delta fronts contain poorer reservoir rock, but improve in some of the coarsening 
upward cycles that contain higher energy facies, which are better reservoir rocks. This 
indicates that the aggradational mouth bars would be more heterogeneous and 
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 PETROGRAPHIC DESCRIPTIONS 
Sample # 2-5: Planar Laminated Sandstone 
Section: Gully 2 
Grain size: Lower fine-grained sand 
Porosity:18% 
Grain Types: Quartz, K-feldspar, sedimentary rock fragments, muscovite, chert, and microcline 
Textures: Quartz grains are typically subangular to subrounded. There is significant clay which 
appears reddish brown in thin section and is partially opaque. This post-depositional clay is from 
the weathering of surrounding muscovite and feldspars. In certain areas muscovite grains are 
partially weathered to the clay. Some of the pores appear to be grain-sized, contrasting the finer 




Figure A-1. Planar cross-laminated sandstone facies, grain mineralogy includes orthoclaise 
feldspar (Or), rounded quarts grains (Q), sedimentary rock fragments (Srf), muscovite (Mu), 




Sample # 6-2: Climbing Ripple Cross-Laminated Sandstone 
Section: Gully 8 
Grain Size: Very Fine Lower 
Porosity: 0.5% 
Grain Types: Quartz, muscovite, k-spar Chert, microcline 
Textures: Quartz grains in this sample are sub-rounded. Climbing ripple lamination are marked 
by large increase in muscovite grains that have weathered to reddish brown clay, which further 
emphasizes lamination surfaces. The presence of mica suggests that his sediment has not been 
worked extensively because the mica would be hydro dynamically removed (Figure A-2). 
 
 
Figure A-2 Climbing-ripple cross-lamination lower very fine grain size distribution comprised of 
muscovite (Mu), Feldspar (F), and abundant  clay (Cl). The lower part of the image is darker due 
ot higher clay content, which defines a ripple laminae. 
 
Sample #5-3 Trough cross-stratified sandstone:  
Section: Gully 5 
Grain Size: Lower Medium 
Porosity: 14.3 % 
Grain Types: Quartz, k-Feldspar, muscovite, sedimentary rock fragments, Chert, microcline 
feldspar, shell fragment 
Textures: Quartz grains are sub angular to sub rounded. There is at least 1 dissolution event, that 
has dissolved grains of k-spar and muscovite. There are open pore epoxy filled primary and 
secondary porosity, zones of carbonate cement, and patchy area of authigenic clay, similar to that 




Sample #3.5-1: Intraclastic Sandstone 
Section: Gully 4 
Grain Size: Upper Fine   
Porosity: 8.2% 
Grain Types: Quartz, K-spar, mud clasts, ooids, muscovite (some altered to Chlorite?), 
Plagioclase (laminar twins), bioclasts 
Textures: Large mud clasts are generally oriented parallel to bedding. There is a range of 
dissolution of k-feldspar grains, ranging from seritization, dissolution of grains, and some 
borders of grains weathered to reddish brown authigenic clay (Figure A-3) 
 
Sample #78-3: Wave Ripple Cross-Laminated Sandstone 
Section: Gully 8 
Grain Size: Very fine upper 
Porosity: 4.3% 
Grain Types: Quartz, K-Feldspar, Muscovite, reddish brwn clay  
Textures: Quartz grains are sub-rounded. Sub-millimeter laminations can be seen without 
microscope in thin section. The laminations are marked by the reddish brown clay that is 
common in these samplings of Green River Formation sandstone. This authigenic clay has 
weathered where muscovite was hydrodynamicaally sorted in the lower portions of the ripple 
laminations making the laminations quite visable. There is some secondary porosity from 
dissolution of muscovite or k-feldspar grains where the resultant pore space has not been filled 
with the residual clay. 
 
Sample #5-2: Cross-stratified Sandstone  
Section: Gully 5? 
Grain Size: Lower Medium 
Porosity: 15.3% 
Grain Types: Quartz, K-feldspar, Sedimentary rock fragments, Muscovite, and minor 
Plagioclaise, rare microcline 
Textures: Weathering of the k-feldspars and muscovite to clays, also weathering of plagioclaise 
to muscovite. There are some large grain sized pores that have formed from total dissolution of 
grains. Pore distribution is uneven. This sample seems compositionally immature due the variety 
of feldspar grains and long muscovite grains. 
 
Sample #0-4: Trough Cross-stratified Sandstone 
Section: Gully 0 
Grain Size: Lower Fine   
Porosity: 16.8% 
Grain Types: Quartz, K-Feldspar, Plagioclaise, Muscovite, opaques, shell fragments 
Textures: Some muscovite has weathered to chlorite, and reddish brown clay. Some muscovite 
grains are fully weathered to clay along cleavage planes, leaving long slivers of the grain 
unaffected. Primary and secondary porosity from the partial and full dissolution of muscovite 








Figure A-3 A) Intraclastic sandstone facies, dyed red carbonate cement (Car) filing a majority of 
the pore space, preservation of intergranular pore space (Por), large round centimeter long 
mudclast (Mc) and coated grain or ooid (Oi). Yellow box highlights the areas of the more 
detailed photomicrograph. B) Partially dissolved feldspar grain (F) leading to secondary 






Figure A-4Trough cross-bedded sandstone facies with sub-rounded to rounded quartz grains (Q) 
and Muscovite grains (Mu) identified by cleavage and high order birefringence. Primary porosity 
in enhanced by breakdown of feldspar into clays and eventually dissolution leading to secondary 
dissolution porosity (Dpor). 
 
Sample #4-1: Trough Cross-stratified Sandstone 
Section: Gully 5 
Grain Size: Lower Medium 
Porosity: 15.3% 
Grain Types: Quartz (sericitized?), Chert, K-spar, Sedimentary rock fragments, muscovite 
microcline and plagioclaise. 
Textures: Different stages of weathering present ranging from seritized k-spar grains, to 
dissolution to recrystalization of feldspar to muscovite. There is bocky carbonate cement growth 
that radiates outward from some pore spaces. This is likely where calcite grew around a grain 
that was subsequently dissolved. 
 
Sample #0-3 Thin Ripple-Top Sandstone:  
Section: Gully 0 
Grain Size: Lower fine 
Porosity: 0.5% 
Grain Types: Quartz, Muscovite minor plagioclase,  
Textures: Rounded quartz grains. There is some red dying indicating some of the cement is 
carbonate, but there is more cement that is not dyed red. This other non-dyed cement has a 
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similar blocky texture as the carbonate cement and is likely dolomitic. There is also a lot of the 




Figure A-5 Thin ripple-top sandstone facies. Authigenic clay (Cl) mostly from dissolution of 
feldspar (F) fills most of the inter granular space. Quartz grains (Q) locally are well rounded, 
microcline feldspar (Fmc), distinguished by tartan twining. 
 
Sample #5-4 Intraclastic Carbonate:  
Section: Gully 6 
Grain Size: N/A 
Porosity: 0.6% 
Grain Types: Carbonate,Quartz, minor Plagioclaise 
Textures: This sample is from a bed interpreted to be transgressive bed. There are large rounded 
oil shale clasts, siltstone clasts that contain larger quartz grains. There is lots of carbonate 
cement. There seems to be two types of carbonate cement, a dyed one and an undyed one. There 
seems to have been multiple dissolution events. There is some blocks of calcite cement that are 
enveloped in some layered clear cement. There are areas there the authigenic reddish  brown clay 
is also covered in some clear cement layering. It appears that the final event was the precipitation 
of the clear cement, which is probably dolomitic. 
 
Sample #0-5 Laminated Orange Tar Sand:  
Section: Gully 0 
Grain Size: Lower fine 
Porosity: 5.7% 
Grain Types: Quartz, Calcite, Kspar Plagioclaise 
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Textures: Sub angular to subrounded quartz grains. There is a lot of authigenic reddish brown 
clay that is occupying most of the primary porosity. There is carbonate cement and it appears 
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Figure A-23. Detailed measured section at Gully 9. 
